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FOREWORD

Purpose of the Environmental Studies

The National Environmental Policy Act of 1969 directs that all agencies

of the Federal Government "include in every report on proposals for legisla-

tion and other major Federal actions significantly affecting the quality of

the human environment, a detailed statement . . on the environmental impact

of the proposed action." The Act deals only with proposed actions. However,

in keeping with the spirit of the Act, the U. S. Army Corps of Engineers has

developed its own policy that requires such reports on projects it has com-

pleted and for which continuing operational and maintenance support are re-

quired.

In keeping with its policy, on January 15, 1973, the St. Paul District

of the U. S. Army Corps of Engineers contracted with the North Star Research

and Development Institute to prepare a report assessing the environmental

impact of the Corps of Engineers' operations and maintenance activities on

the Mississippi River from the head of navigation in Minneapolis, Minnesota

to Guttenberg, Iowa. Included also are the Minnesota and St. Croix Rivers

from their respective heads of navigation at Shakopee and Stillwater, Minne-

sota to the Mississippi River. This portion of the Mississippi River basin

will subsequently be termed the "Northern Section" of the upper Mississippi

River, or the "study area", or the St. Paul District.

The Corps of Engineers has been active in the Northern Section since the

1820's, when they first removed brush and snags from the river to permit navi-

gation as far north as Fort Snelling. Later in the 1870's, further improve-

ments were made, primarily through construction of wing dams, to deepen and

maintain the channel. Presently, thi river in thc study area consists of a

series of pools, which were created by the construction of navigation locks

and dams in the 1930's. Several recreation areas along the river were also

built by the Corps.

I
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The purpose of the environmental impact study is to assess the impacts,

both positive and negative, of the Corps' activities on the Northern Section.

In addition, the study is to provide a broad background of information for

periodic reassessment and more detailed analysis of impacts. The activities

are defined as operations and maintenance activities and mainly include oper-

ations of facilities (locks and dams) and maintenance of the navigation chan-

nel (dredging). Although the environmental impacts of earlier operations are

also being sought, most of the information will concern the impacts of the

present nine-foot navigation system.

The studies are designed not only to identify the impacts, but to as-

sess their effects on both the natural and social environment. Such impacts

may include effects of river transportation on the area economy, effects of

creation of the pools on recreational activities and wildlife habitat, effects

of dredge spoil disposal on the natural ecosystem and on recreation, and many

others. As a result of identification and assessment of the impacts, it will

be possible to suggest ways of operating the facilities and maintaining the

navigation and recreation system to amplify the positive and minimize the

negative results of the Corps'activities. The study will provide a comprehen-

sive basis for the St. Paul District to prepare an environmental impact state-

ment consistent with the National Environmental Policy Act of 1969 and the

policy of the U. S. Army Corps of Engineers.

Scope of Current Report

The present report covers the entire study program only from January,

1972 through November, 1973. The report contains both historical information

and data collected in the field from activities such as water quality investi-

gations and sampling of riverbank vegetation.

Research Approach

Three aspects of the research approach used in the study are: (1) the

benchmark point in time, (2) data collection and analysis on the natural
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systems, and (3) data collection and analysis on the socioeconomic activities.

Benchmark Time Period

In order to analyze the impact of the activities of the Corps of Engi-

neers on the Northern Section of the Upper Mississippi River, it is necessary

to select point in time which can serve as a benchmark. This benchmark is

the year activities related to the nine-foot channel were initiated. Because

the nine-foot channel project constructed in Pool 1 began in 1930, this year

is taken as the benchmark. The pre-project condition of the river at and up-

stream from Lock and Dam I is taken as prior to 1930. Wing dams were built

and Corps' activities on other channel projects took place prior to 1930. The

pre-project information was obtained from available reports and from a variety

of other sources cited at the end of each section.

Analysis of the Natural Systems

The impacts of Corps' activity on the natural environment for a given

pool were determined by the individual investigator responsible for that par-

ticular pool. The Northern Section of the upper Mississippi River was sub-

divided into fourteen distinct segments for purposes of study of the natural

environment: Pools 1 through 10, Pool 5A (lying between Pools 5 and 6), the

Upper and Lower St. Anthony Falls (SAF) Pools (a single report covers both

pools), the Minnesota River and the St. Croix River. A segment was assigned

to an investigator on the natural sciences team as listed below:

Number of Total

River Pools Length in Principal

Involved River Miles Pools Investigator Organization

5 92.4 Upper and Lower Roscoe Colingsworth North Star
Pools, Pool 1, Research

Pool 2, Minne- Institute
sota River, and Minneapolis,
St. Croix River. MN

1 18.3 Pool 3 Edward Miller St. Mary's Col-

lege, Winona, NN
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4 82.6 Pools 4, 5, 5A Calvin Fremling Winona State
and 6. College, Winona

MN
2 35.1 Pools 7 & 8 Thomas Claflin Univ. of Wisc.,

at LaCrosse, La
Crosse, WI

1 31.3 Pool 9 James Eckblad Luther College
Decorah, IA

1 32.8 Pool 10 Edward Cawley Loras College

Dubuque,IA

Because different problems arise in different segments of the river, each in-

vestigating team used its own judgment in conducting its studies. However,

North Star -- in conjunction with the investigators cited above -- developed

general guidelines for conducting the field studies, acquiring data, and pre-

senting the data in a final report. This required that North Star develop a

reporting format that could be used for all pool reports so that the series of

reports would have maximum utility and comparability.

Analysis of Socioeconomic Activities

The socioeconomic analysis for all pools in the study area was conducted

by a team including Dr. C. W. Rudelius of the University of Minnesota and

William L. K. Schwarz of North Star. The socioeconomic impacts were analyzed

by the same team for all fourteen segments of the Northern Section because

substantial economies in data collection were possible with this approach.

The initial data for each pool were collected and then were submitted for re-

view and updating to the investigator analyzing the natural systems for that

pool. The suggestions of these investigators were incorporated in the socio-

economic portions of each pool report.

Report Objectives

Because the Corps is required to submit an environmental impact statement

for each pool and tributary in the Northern Section on which they carry out



-5-

operation and maintenance activities, this study is being carried out and

reported on by pool (and tributary).

The present report deals only with Pool 1 on the upper Mississippi River,

described in detail in subsequent pages. Background information that applies

to two or more pools in the study area appears as a portion of each appropri-

ate report. This is necessary since the report on each pool must be capable

of being read and understood by readers who are interested only in a single

pool.

The overall objectives of this report are to identify and provide an as-

sessment of the impacts of the Corps of Engineers activities related to Pool

1. Specifically following this section, the report is in the format required

for the Environmental Impact Statement, and seeks:

1. To identify the environmental, social, and economic impacts of the

Corps' activities related to Pool 1.

2. To l-entif; an~d, where possible, measure the beneficial contributions

and .-trimental aspects of these impacts and draw overall conclusions

about Kone net effects of Corps' activities.

3. To recommend actions and possible alternative methods of operations

that should be taken by the Corps of Engineers and other public

agencies and private groups to reduce detrimental aspects of the pro-

ject.

4. To identify additional specific research needs to assess the impacts

and increase the net benefits of Corps' operations.

The Teport includes an analysis of natural and socioeconomic systems. The

natural systems include terrestrial and aquatic plant and animal life as well

as the nature of the land and quality of the water. Socioeconomic systems in-

clude industrial activities, such as income and employment generated by barge

traffic or activities in operating the locks and dams and commercial fishing;

recreational activities, such as fishing, boating, or hunting that are affec-

ted by Corps' operations; and cultural considerations, which include archaeo-

logical and historical sites.

!

I
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1. PROJECT DESCRIPTION

The present Corps of Engineers' project in Pool 1 (Mississippi River

Mile 853.3 to 847.6, Figure 1) consists of the operation and maintenance of

a dam and two locks and maintenance by dredging of a navigation channel of

nine-foot minimum depth. The Corps' facilities include: (1) a fixed-crest

dam, with provision for hydroelectric power production; (2) two navigation

locks; (3) a control station, observation platform, guide walls and other

structures; and (4) masonry to protect the bluff. The operation of these

facilities provides for the passage of commercial and pleasure craft. Main-

tenance includes dredging the channel to assure the minimum depth, clearing

of debris, and repairing the locks and dam.

AUTHORI ZATI ON

The present nine-foot project was authorized by Congress by the Rivers

and Harbors Act of July 30, 1930, as amended by Public Resolution No. 10,

February 24, 1932, and by the Act of August 26, 1937 (See Table 1). Lock

and Dam 1, completed in 1917 as part of the six-foot project, was modified to

accommodate nine-foot-draft traffic in 1930. A second lock was added in 1932

on the landward side of the original lock. Additional acts have provided for

locks and dam operation and care, harbor enlargement and channel dredging,

and park and recreational facilities.

HISTORY

In 1824, a year after the sternwheeler "Virginia" initiated navigation to

Fort Snelling, Congress authorized the Corps of Engineers to improve navigation

of the Mississippi River by removing snags, wrecks, shoals and sandbars.

The first comprehensive improvement of the river for navigation was autho-

rized by the Rivers and Harbors Act of June 18, 1878 (See Table 2) to obtain

a 4.5-foot channel from the mouth of the Missouri to St. Paul. The Act of 1894

extended this project from St. Paul to Minneapolis by means of two dams at Mile

I
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Figure 1. The Mississippi River and its Major Tributaries
in the Twin Cities Area (FWPCA, 1966)
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Table 1. Congressional Authorizations
Pertaining to the 9-foot
Channel (OCE, 1970).

Rivers and
Harbors Acts Work Authorized Documents

January 21, 1927 Survey of Mississippi River House Document, 69th
from Missouri River to Congress, 1st Session
Minneapolis to determine
feasibility of 9-ft. Channel

July 3, 1930, Modify permanent structures House Document 290,
amended by Public under construction to accom- 71st Congress, 2nd
Resolution 10, modate 9-ft. Channel; complete Session
February 24, 1932 survey for 9-ft. Channel.

Chief of Engineers granted
discretionary authority to
modify plans as deemed advis-
able, construction of a para-
llel lock at Lock and Dam No. 1
dredging at head of pool.

January 26, 1934 Operation of snagboats, None
operation and care of
locks and dams.

August 26, 1937 Adopted 9-ft. project from House Document 137,
Illinois River to Minneapolis 72nd Congress, 1st
dredging at head of pool. Session

December 22, 1944 Public park and recreational None
facilities.

March 2, 1945 Changes or additions to pay- None
ments, remedial works, or
land acquisitions authorized
by Rivers and Harbor Act of
August 26, 1937 (House Docu-

ment 34, 75th Congress, Ist
Session), as Chief of Engi-

neers deems advisable.

I
I
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Table 2. Congressional Authorization Pertaining
to Navigation Projects in Pool 1 Prior

to the 9-foot Project (OCE, 1970).

Rivers and
Project Harbors Acts Work Authorized Documents

4.5 foot July 8, 1878 Adopted Project from House Document 75,
St. Anthony Falls to pt. 6, 43rd Congress,

Alton, Illinois 2nd Session

5-foot August 18, 1894 Extended project from Senate Document 109,
St. Paul to Washington 53rd Congress, 2nd

Ave. Bridge by construc- Session
tion of two locks and
dams

March 3, 1899 Authorized completion House Document 164,
of Lock and Dam 2 at 57th Congress, ist
Mile 850 and construc- Session

tion of Lock and Dam 1

at 847.6

6-foot March 2, 1907 Modification of Lock House Document 741,
and Dam 1 for 6-foot 61st Congress, 2nd
channel, power develop- Session
ment; abandonment of
Lock and Dam 2

March 2, 1919 Dredging a turning House Document 1512,
basis the full width 63rd Congress, 3rd
and length of the Session
Minneapolis Harbor

September 22, Dredging to landings None
1922 in main river and

sloughs

December 4, 1928 Modification of Minnc- House Document 24,
apolis arbor by drcdg- 70th Congress, 2nd

ing Session
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847.6 and 850.0, and the Acts of 1899 and 1901 authorized completion of these

facilities. The Rivers and harbors Act of 1907 provided for raising the

height of Lock and Dam 1 for the six-foot channel project and for power pro-.

duction. Construction was completed in 1917, resulting in the flooding and

abandonment of Lock and Dan 2 at Mile 850.

The Acts of 191.9, 1922 and 1928 authorized the dredging of the Minnea-

polis harbor and to landings in the main river.

This lock was rebuilt in 1930, after the lower miter gates of the origi-

nal lock failed, to acconunodate the newly authorized nine-foot deep channel,

which was authorized by the Rivers and Harbors Act of 1930 as amended and by

subsequent Acts.

MAPPING

Numerous surveys of the Mississippi River have been made by the Corps

since the mid-1860's. The Corps published a series of charts of the 4.5-

foot channel project for the Mississippi River Commission (NRC Charts), show-

ing river soundings, wing dams, bottom type and land use, from 1894 to 1907.

The six-foot channel, which was authorized by the Act of 1907, was sur-

veyed by air in 1927. This survey, was published in 1.930 as the "Bro%.n Sur-

vey" and reissued as the "Flowage Charts" in 1933-34 in order to include land

use.

In 1938 the Corps pubishcd cl,,;jrtn of the sur ey of the new nine-foot

channel, the "Continuous Survey", showing r[ -,r sorindings and sandbars. Sever-

al editions followed, as "Navigation Charts", and emphasized aids to navigation.

The current(1972) edition is based on a 1964 acria], survey and presents updated

information and a more compact format than the previous edition.



CORPS FACILITIES

Lock and Dam 1, which is the second oldest of 28 such facilities on the.

Mississippi River, is located at Mile 847.6 near the Ford plant and the Min-

nesota Old Soldiers Home. It was completed in 1917 as part of the sin:-foot

project, and rebuilt in 1930 to accommodate nine-foot-draft vessels. A

second lock was added in 1932 on the landward side of the original lock (See

Figures 2 and 3).

The facility presently consists of (1) the two navigation locks; (2) a

574-foot fixed-crest dam,152 feet of which has been modified for hydroelec-

tric power production (by the Ford Motor Company); (3) guidewalls, a control

station, an observation platform, and related structures; and (4) bluff pro-

tection (See Figure 4). Total cost of this facility was $6,252,334, includ-

ing the original lock and dam, bluff protection and recreation facility.

Locks

The old riverward lock was rebuilt in 1930 due to the failure of the

lower miter gates in August 1929. Originally, a structure suitable for nine-

foot-draft navigation was to be constructed based upon the design pool level

for the new Lock and Dam 2 which was then under construction. However, due

to probable seepage damages, interests in the South St. Paul stockyards area

of Pool 2 obtained a court order limiting the elevatiol, lo whi-. -he pool

could be raised to 685.7 m.s.l. * Later, in 1934, tio,. 7ourt approved the rais-

ing of the pool to elevation 687.2, which was 1.9 feet less than its designed

height. As a result, there is a depth of only 7.5 feet over the lower sill

at flat pool or about 8 feet at normal t.ilwatt r elevations, hence the lock

has had little use except for an occasional locking of pleasure boats, empty

barges, or shallow-draft towboats.

When this riverward lock was built, its landward wall was constructed of

* Mean sea level, 1912 adjustment.

1
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adequate width with two emptying and filling tunnels to serve also as the

riverward wall of the second lock when it would be constructed. The land-

ward lock was built in 1931-32 as a safeguard to maintain river traffic to

and from MIinneapolis. Iinneapolis, as a result of the failure of the origi-

nal lock, was without barge line service for over a year, and it was deter-

mined that a recurrence should be avoided if at all possible.

The downstream sill of the newer lock has a top elevation of 677.2, pro-

viding a depth of about 10.8 feet at normal tail water elevation; hence, this

landward lock handles practically all traffic through this facility.

The original lock was to serve as an auxiliary, but now is kept half full

in order to brace the weakened wall between the locks. Both locks are 56 by

400 feet. Each lock is closed by a pair of miter gates and the level changed

35.9 feet by gravity flow through filling and emptying ports (See Figure 4,

Sections B-B, X-X and Y-Y) by a system of valves and pipes.

Due to the use of gravity for filling and emptying the locks, only a

relatively small amount of electric power is required for the operation of

the gates, valves and lights of the lock and dam.

Dam Description

The plan and sections for the dam are shown in Figure 3 and 4. The dam

is an Ambursen-type concrete structure and for the greater part is supported

on ah alluvial fill consisting primarily of sand, gravel and limestone slabs.

A portion of the dam and apron, however, is supported on timber piling. Along

its upstream face is a steel sheet pile cuto[f wall. There is also a row of

steel sheet piling along the toe of the apron as a prcventive measure against

scour.

During maintenance, the crest and the downstream face was resurfaced

(1949-53), and a major portion of the apron has been replaced and a baffle

MA~ '-a
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wall was constructed on the apron to induce a hydraulic jump to overcome

serious scour below the dam. This work was completed in 1953. In 1952 the

dam was stabilized by placing sand fill in the interior to reduce the possi-

bility of failure by sliding. Three of the eight sluice gates in the dam

were rehabilitated and hydraulic machinery to operate them was installed in

1954. Under present pool conditions, the dam maintains a normal head of

about 38 feet during the navigation season and about 36 feet during the win-

ter season. In general, the dam is in good condition.

Winter Operations

In order to clear ice from gate pockets, an air bubbler systcm is pro-

vided at the upper and lower miter gates, and heaters have been installed on

both miter gates. The heaters, in the side and bottom seals, consist of im-

bedded tubes containing a heated and circulated antifreeze solution.

Due to extensive erosion of the sandstone bluff and adjacent to the land-

ward lock, it was found necessary to protect the exposed sandstone with a pre-

formed concrete section retaining wall. Work on this wall was completed in

1956. A contract for 210 feet of protection of exposed rock above the mason-

ry was completed in August 1965. A contract for a final 1,064 feet of pro-

tection was completed in November 1966.

Lands

Land in Pool 1 owned or controllcd by the United States Government:

Fee title 32.80 acres

Flowage easement 263.67 acres

Total 296.47 acres

CORPS OPERATIONS AND MAINTENANCE

The project now consists mainly of the operation and maintenance of Lock

and Dam 1, and the maintenance of the navigation channel by dredging of
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accumulated sediment to maintain a minimum nine-foot channel, 200 feet wide.

Occasionally the Corps also dredges the Minneapolis harbor at Mile 852.6.

Lock and Dam Operations

Lock and Dam 1 was built to the minimum elevation necessary to maintain

low flow navigation of the channel, in order to minimize flooding of adjacent

lands. The low dam elevation and small pool capacity relative to flood vol-

ume prevents operation of the dam for flood control.

Pool elevation is maintained at 725.1 feet above mean sea level (191-2

adjustment) when the 2-foot high flashboards are in place. During the win-

ter and floods, these boards are lowered, allowing pool elevation in winter

to drop to 723.1 feet.

Locking Priorities

A priority system for vessels locking through has been established by

the Secretary of the Army, as follows:

1. U. S. Military vessels

2. Vessels carrying U. S. mail

3. Commercial passenger ships

4. Commercial tows

5. Commercial fishing boats

6. Pleasure boats

Channel _aintenance

During the year, changes in hydraulic efficiency of the river (i.e., its

ability to maintain in suspension continually its load of sediment) along the

length of its channel results in areas of sediment accumulation in Pool 1.

These areas are dredged by the Corps of Engineers to remove this hazard to com-

mercial navigation, using clamshell dredges such as the Derrickbarge 767.
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Dredging and spoiling are carried out by one of two procedures, depend-

ing on the proximity of the dredge site to the spoil disposal site on the

shore. If the shore is within reach of the boom of the clamshell dredge,

the dredged river sediment is cast directly upon shore. Alternatively, when

the dredge is beyond reach of the spoil site, the sediment is cast into barges

and towed to the spoil site (See Figure 5). At the spoil site the sediment

is dropped back into the river by releasing the side gates on the barge (See

Figure 6). The sediment is then redredged by another clamshell dredge (D.B.

771) and cast upon the spoil site, whereupon it is pushed away and levelled

by bulldozers (See Figures 7 and 8).

Dredging to maintain the nine-foot channel in Pool 1 by the Corps began

in 1938. It has since produced annually an average of over 125,000 cubic

yards, or 22,000 cubic yards annually per river mile (See Table 3). This

volume per mile is the highest in the St. Paul District (Table 4). Most of

this sediment is spoiled either on the left (east) bank down from the Frank-

lin Street Bridge, or on the right (west) bank downstream from the Lake Street

Bridge. Apparently there is a trend to smaller volumes of sediment dredged

in Pool 1 since 1954 (See Figure 9). However, in certain years larger vol-

umes were produced, especially after the floods of 1965 and 1969. Another

trend, evident in Figure 1 (Appendix A, IV), is the progressive downstream

aggradation of the river bottom in Pool 1, and subsequent need for dredging.

Thus dredging in the 1940's was necessary between Mile 850 to 853; in the 1950's,

from Mile 849 upstream; and in the 1960's to present, from 'ile 848 upstream.

-The large volume of spoil removed from Ilc 852 in the early 1950's is

probably due to the construction of Lower St. Anthoy Falls Lock and Dam and

the floods of 1951 and 1952. The . lLtr floJt also necessitated the recon-

struction of the Upper St. Anthony Falls Dam.

Changes in total area of islands, water surface and spoil were completed

from 1895 and 1935 survey maps (M)RC, 1895; Corps of Engineers; 1935), and from

1973 aerial photos (S.P.D.-NCS, 1973a). Between 1895 and 1932, during which

I
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Figure 5. The Clamshell Dredge Derrickbarge 767 Deepening
the Nine-Foot Navigation Channel on the Mississippi
River. The spoil is Dropped into Waiting Barges
which Transport it to the Spoil Site (Colingsworth)

Figure 6. Spoil Barges Shwing Side-Mounted Gates for
Dropping the Spoil at the Spoil Site (Colingsworth)
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Figure 7. The Clamshell Dredge Derrickbarge 771 Redredges
the Spoil Dropped by the Barges and Casts it
onto the Spoil Banks. Note the Figures in the
Right Foreground (Colingsworth)

Figure 8. The Newly Deposited Spoil Piles are
Levelled by Bulldozer (Colingsworth)



-21-

500-

400-€0

.4Ucn

C)

o
,,-I

-a 200-
0

o
*1-4

200

Year

cn 100- 7-o 4-4

* 1930 1940 1950 1960 1970 1980

Years

Figure 9. Annual Volume of Sediment Dredged from Pool 1
(S.P.D.-NCS, 1973)

-| -- -- r-



-22-

Table 3. Annual Volume of Sedifm"nt Dredged in Cubic
Yards, in Pool 1 from 1938 to 1972
(S.P.D.-NCS, 1973).

Volume Dredged Volume Drudged
Year Cubic Yards Year Cubic Yards

1938 40,518 1.955 57,839
1939 30,864 1956 84,448

1957 174,993
1940 221,314 1958 48,020
1941 28,381 1959 43,256
1942 103,378

1943 192,271 1960 33,477
1944 97,464 .961 19,162

1962 32,963
1945 361,840 1963 63,932
1946 85,005 1964 2,921
1947 118,321
1948 129,434 1965 346,780
1949 42,131 1966 97,780

1967 78,875
1950 222,056 1968 26,253
1951 173,702 1969 301,184
1952 406,076
1953 196,991 1970 72,983
1954 173,870 1971 68,921

1972 219,999

Annual Average 125,640

Annual Average/River Mile 22,042

I
I
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Table It. Quantity of Sedim nt D)rd;,e1d per Yenr from the hiv. i pie P 'mr
and NavigaIble "£ri buLLIrjt- in the St. Pa11i L n e(. 1)1:[ rJ t
(Ca].cuLt!d from data from S..'. .--. C, 1973)

Average Annual
Average Amt :A 1 Voltlli, 'vr" Y,:I
VoluT!a Pcr Year Per Rdver 1i]e

Pool or Tri butary _(.Iucubic -yard"') (ill __i yard.)

St. Anthony F,.ls 23,522 5,470

Pool 1 125,640- 22,042

Minnesota River 12,253 834

Pool 2 175,126 5,422

St. Croix River 40,836 1,667

Pool 3 112,187 6,130

Pool 4 487,836 11,062

Pool 5 235,969 16,052

Pool 5A 152,302 15,865

Pool 6 95,371 6,716

Pool 7 150,303 12,738

Pool 8 282,549 12,127

Pool 9 155,000 4,984

Pool 10 94,313 2,875
Total Annual VolJume

Total 14 St. Paul DisLr ict 2,143,207

Aven,rg Anutil Avcr, pe(,Atea-l

Vol1-te pr(., ]oo] 153,086 Voltt;t per Hi c 8,8.T6
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time Lock and Dam I was built. to it-. present elevation, the water surface

area incrcased 104 percent, from 268.8 acres to 548.6 acre.; (Table 5). Dur-

ing this period the total. area of islands decreased from 72.0 a:res to le:;s

than I acre. Between 1932 (a drought year) and 1973 (durn.?, spring high

water) the water surface increased 27 percent, from 548.6 acres to 695.7

acres, while spoil areas increased from 0 to nearly 46 acres. Presently

there are no islands in Pool 1.

Bridqes

Nine railroad and automobile bridges span the V5i.ssissippi River in Pool

1 (See Figure 1 in Appendix A,11). Seven of these bridges are located in the

upstream, more urban-appearing portion of the pool, from the Milwaukee Road

Railroad Bridge (near the Shriners' lospital) and 1-35W Bridge (adjacent to

the Cedar Avenue Bridge). Vertical clearance of the bridges range from 29.4

to 101.1 feet above normal pool elevation (725.1 feet, moan sea level, 1912

data) (Table 6).

Table 5. Changes in area of water surface, islands and
spoil in PIool 1 between c395 aId ]973

Year Water Surface Area X Change Island Area Spoil Area
1895 268.8 72.0

1047
1932 548.6 1

27%
1973 695.7 45.7
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Table 6. Upper Mississippi JHIver Bridges
Pool 1, 11ile 847.6 to 853.3
(S.P.D.-NCOS, 1.969)

Miles Height (feet) (3)
Above Type Year Above Project Pool
Ohio Bridge of Use Comp. Elevation (725.1)
River Location Struct. (2) (4) (1) Owner

853.25 Mpls.-Cedar Ave. Truss H lUn.Const.(N) -- Minn. Dept. of H1.
(I-35W)

853.15 Mpls.-Cedar Ave. Conc. H-P 1929(R) 101.1 City of Mpls.
Arch

853.0 Mpls.-Nr. U. of rruss R 1924 29.4 N.P. Railway
Minnesota

852.69 Mpls.-Wash. Ave. Girder H-P(5) 1965 70.1 Mimri. Dept. of H.
851.8 Mpls. -Dartwmouth Girder 11-P 1964 64.87 Minn. Dept. of H.

Ave.
851.5 Mpls.-Franklin Conc. 11-P 1923 93.9A City of Mpls.

Ave. Arch
850.7 Mpls.-nr. Shriners' Truss R 1902 76.2 Milwaukee R.R.

Hospital
849.9 Mpls.-St. Paul-Lake Steel H-P 1888 78.2A Mpls. & St. Paul

Street Arch
847.8 Mpls. -St. Paul- Conc. H-P 1927 85.8A Mpls. & St. Paul

Ford Pkwy. Arch

Operation of movable bridges is governed by Code of Federal Regulations, Title 33,
Chapter II, Sections 203.555 and 203.560 (g) (13).

(1) All elevations are mean sea level (1912 adj.).
(2) H-Highway, P-Pedestrian walks, R-Railroad.
(3) A-Crown of arch.
(4) N-new bridge, R-remodeled.
(5) Pedestrian deck above vehicular deck.
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2. ENVIRONMENTAL SETTING

NATURAL SETTING

The present natural environmental setting includes the project from the

construction of nine-foot channel in 1930 to the present because this is an

ongoing project. The environmental setting without the project, in this

case prior to project construction, must be reconstructed from publitahed in-

formation.

Ecosystems

The ecosystems of the upper Mississippi River and its valley in Pool 1

may be divided into several reaches and into various components or subgroups

for more detailed description. Thus, Pool I may be divided into two reaches:

(1) the Upper Reach, that portion from St. Anthony Falls to just below the

Washington Avenue Bridge in which the banks are crowded with buildings,

bridges and industry; and (2) the Lower Reach, that stretches from just below

the bridge to Lock and Dam 1, containing mostly undeveloped banks, recre-

ational areas, and dredge spoil deposits (See Figures 1OA and B, 11, 12 and

13A and B; also Figure 1 in Appendix A, IV).

The various elements of Pool 1 ecosystems have been divided into two

aspects: physical and biological in this report. The first is the physi-

cal aspect, including geologic, climatic, and hydrologic components. The

section on biological aspects or systems includes floral and faunal compo-

nents as part of terrestrial and aquatic ecosystems.

It cannot be overstated, however, that such divisions disguise the often

numerous and complex interactions between components within these river valley

ecosystems as well as with components cli.'cwherc in the watershed. Thus, wher-

ever possible, the characteristics of components in Pool 1 will be discussed

in relation to the Twin Cities area, as well as to the entire drainage basin.

Interactions with areas outside of the basin may be dealt with in a very gen-

eral manner.

-- . 3 nr_ A 72
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Figure 10A. Aerial View Upstream of the Upper Reach of Pool 1, Showing
the Location of Transect lAA and the Barge Terminals on
the West (Right) Bank of the Mississippi River Near the
Washington Avenue Bridge (Colingsworth)

-750' 440 58' 30" N

-730' road 930 15' W
• riprap

navigation channel

Figure 10B. Profile of Transect IAA, Mississippi River
Mile 853.1 (Gudmundson)
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Figure 11. Aerial View Upstream of the Lower Reach of Pool 1. A Dredge Spoil
Bank of the Mississippi River Downstream from Franklin Avenue Bridge

- 790'

- 770'- 750' 440 57' N

dredge dredge spoil

spoil navigation channel

Figure 12. Profile of Transect IBB, Mississippi River Mile 851.1 (Gudmundson)

°
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II

Figure 13A. Aerial View Downstream of the Lower Reach of Pool 1.
Dredge Spoil Piles are Located on the West (Right)
Bank at the Lake Street Bridge. Transect 1CC is
Located just Upstream from the Ford Bridge in the
Background (Colingsworth)

-770
-750' I 55' 05" N

nnvrgat ion channel

Figure 13B. Profile of Transect ICC, Mississippi
River Mile 848.0 (Gudmundson)
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Physical Aspect s

Topography and Climate

From its source in Lake Itasca downstream to Lock and Dam 1, the upper

Mississippi River has a drainage basin of 19,700 square miles (Figure 14).

This large watershed consists principally of level to ro]ling terrain. Sce-

nic bluffs 100 feet or more in height occur along some portions of the River

and its tributaries. The present topography is derived mainly from drift

left by the Pleistocene glaciers and subsequently modified by erosion, plants

and animals, and more recently, by man.

Presently the climate,which is moderately continental and grades east-

ward from dry subhumid to humid, combined with the influence of soils and

manes activities,has led to a vegetation gradient. Thus the extensive

mixed pine-hardwood forests bejeweled with numerous lakes and streams in the

northeast, give way to former prairie--now productive, open farmland in the

southwest dotted with marshes and laced with ditches and streams.

Upstream from the Twin Cities the Mississippi River meanders between

banks 15 to 25 feet high through a broad but shallow glacial outwash valley.

Then, at St. Anthony Falls it descends 75 feet and flows eight miles to Fort

Snelling through a 100 feet deep gorge scoured out by those falls. Near

Minnehaha Creek the Mississippi drops another 38 feet, at Lock and Dam 1.

Downstream from Fort Snelling, where it is joined by the Minncsota River,

the Mississippi is contained by another broader but deeper valley, once

carved by a huge glacial meltwater river.

Geol ogy

The upper iNississippi River watershed is underlain by a series of Pre-

cambrian igneous and metamorphic rocks north of Big Lake, Sherburn County,

Minnesota. Downstream this basin is underlain by Cambrian, Ordovician and

Devonian sandstones and limestones to the east and south, and by Cretaceous
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shales to the southwest and beyond the watershed (See Figure 15 and Figure

16).

In the last million years at least four glaciers gouged their way ac-

ross these rocks and through the 'Twin Cities (See Figure 17), then receded

and left hills and valleys formed from drift or rocky debris which they had

transported long distances. Deposits left by the last one, the Wisconsin

Glacier, were brought in several phases, first from the northeast by the

Superior Lobe (See Figure 18). This drift consists of red sands and pebbly

deposits. Later the Grantsburg Sublobe of the Des Moines Lobe brought buff-

colored sands, clays, and rock from the Cretaceous shales, more or less

covering much of the previous deposits. Such deposits, if unstratified, are

termed till; if transported and sorted according to size by glacial melt-

waters, they are termed outwash.

These several glacial advances stagnated at various times and places in

Minnesota and elsewhere, dumping huge mounds of rock, stone, gravel, sand

and clay. The mounds were formed at the terminus of the glaciers and gen-

erally conformed to their shape; thus, they are termed "end" or "terminal"

moraines. Terminal moraines and other tills and outwash, which have been

subsequently modified by climate, vegetation and man, form our present soils

and topography.

Most of Minnesota lies between 1000 and 1500 feet above mean sea level,

with higher elevations in the northeast and southwest corners of the state

as well as around the Mississippi River headwaters and in southern Otter-

tail County. Within the Mississippi River watershed, elevations below 1000

feet bordcr the Mississippi River and its tributaries. Sharp relief occurs

along the Mississippi, Minnesota and St. Croix Rivers where erosion has cut

through underlying bedrock, forming sharp scenic bluffs.

The valley presently occupied by Pool 1 was formed during the northward

recession of the Wisconsin Glacier over 10,000 years ago as the present floor

of the Minnesota River's valley was being lowered by a great rush of glacial

I
1
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Figure 16. North-South Vertical. Soction thru the West End of
Pike Island Showing the Twin Cities Artesian Basin

(Winter and Norvitch, 1972).
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Figure 17. Map of Ice Sheets of the Unitind States
(Schwartz and Thie1, 1963)
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Phases of isconsin Glaciation (From Wintcr and Norvitch, 1972)

meltwater. This was the Glacial Lake Agassiz located to the west and north.

Today, the Minnesota River and, downstream from Fort Snelling, the Mississippi

River, meander through this broad and deep valley, 200 to 300 feet below the

upland.

At St. Paul, near the present location of Holman Field, Glacial River

Warren plunged over a rock ledge into a preglacial channel (See Figure 19);

other preglacial valleys were appzirently filled with sediment. This falls

receded upstream to the site of tlhe present Fort Snelling, where it divided.

The main falls soon become extinct when it ecwountered another preglacial

valley about three. miles up the present Minnesota River. The St. Anthony

Falls were born as the River ;irren Falls eroded pas t a tributary: the

present Mississippi River. Similarly, as St. Anthony Falls receded upstream

from Minnehaha Creek, Minnehaha Falls began. As the larger St. Anthony Falls

eroded the soft St. Peter Sandstone from under the harder Plat:, ille Lime-

stone, the deep gorge was formed in which now lies the present Pool 1. These
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soft rock formations are eYpos,,ed along the river i ufls in Pool I. These

and deeper formations dip about 20 feet/mile to\:ard a low point on the Nis-

sissippi River just south of the Univer:;ity of Minnesota, forming the Twin

City artesian basin (See Figure 16).

Cl imate

The climate in the upper Mississippi River basin varies from dry sub-

humid in the west to humid near Lake Superior, with the Twin Cities in the

larger, moist subhumid central region. The average: tcmperatuce varies from

about 45'F. to less than 40'F. from south to north, while the normal total

precipitation varies from less than 20 inches per year in the prairie to

more than 28 inches per year in the northeast. About 20 percent of this

precipitation falls between November and 1.1-irch. Average wind velocities

range from 6 to 12 miles per hour with storm winds, especially tornadoes,

greatly exceeding this. Generally the sumii:r w nds are southerly, bringing

tropical air to the region, and winter winds bring arctic air masses.

Soils

The composition and depth of soil is a product of climate, vegetation

and animals modifying parent material. Topography and exposure are also im-

portant.

The soils in the upper Mississippi River watershed vary from the north-

eastern well-leached (pedalfer) soils, which are typical of moist forests

and have a shallow organic layer, to poorly leached (pedocal) soils having

a deep organic layer in th, prairie ;ou ntbe: t-. The Twia Citics soils are

primarily pedalfer and vary from sandy clay ioaris on t1l1 to loamy sands

which were deposited in slow-waier reaches and a few mall areas of clayey

soils deposited In standing iLer (gteA. ,;re f(6). i]l-dia hned sites and

northern exposures have lighter soils with less organic material.

I
Ii

!I
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Groundwater

Large quantities of groundwater are present here in the highly permeable,

surficial sand deposits. Many lakes and streams are located in these depos-

its. Rapid removal of groundwater from these aquifers generally induces water

to move from the lakes and streams. These aquifers supply 95 percent of the

water outside of the large cities. They are similar in chemical composition

from the Mississippi headwaters to the Twin Cities, except that in the Cities

they have only 1% to 10% of the iron content.

In the Twin Cities and 13 surrounding communities, the Mississippi River

supplies the water. However, there are also a large number of wells in this

area which are used mainly for industries and air conditioners. Total ground-

water consumption was 200 mgd (million gallons per day) in 1970, estimated to

be about 1/4 the total sustainable yield. The Prairie du Chien formation of

Jordon Sandstone supplies about 75 percent of this water, while the Nount

Simon-Hinckley Sandstones supply another 15 percent. The former aquifer sup-

plies a medium hard water (average 412 ppm hardness as CaCO3 in 1961) from

350- to 450-foot depths. It also contains more dissolved solids, sulfates,

and bicarbonates, but lower iron and chloride than the lower (1000 foot) Mt.

Simon-Hinckley aquifer (USCS, 1970).

Potentiometric studies (1970-71) of the water surface in the Prairie du

Chien-Jordan aquifer in the Twin Cities indicate two groundwater recharge

areas (See Figure 21). These include mainly southwestwardly inflow from an

area bounded by TWhite Bear Lake to just west of Afton. Southeastward and

eastward inflow through Lake Minnetonka area constitutes the second ground-

water supply to Pool 1.

Hydro 1ogy

Runoff in the upper Mississippi River basin varies from one inch in the

westernmost extent to eight inches in the northeast, with four to five inches

in the Metropolitan area. Evaporation is greatest in the southwest, at 34
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inches, and decreases to less than 24 inclhcs in th, nort hast. The TwiI

Cities lose about 30 to 31 inches per year by c,.v.jorat . ;onc runoff is

stored in six upstream reservoirs, built betwcmJwce 1 and 1912 to aue.'nt

low flow for navigation. After construction of the locks ond di,, and es-

tablishment of the nine-foot channel, this higher minimum flow wae, used to

offset pollution.

Average (1907 to 1945) daily discharge of the Mississippi River at St.

Anthony Falls is 5,510 cfs; this data provides a reasonable estimate since

only a few intermittent tributaries enter Pool 1. Maximum discharge was

91,000 cfs in 1965 and the minimum was 462 cfs in 1934. The greatest dis-

charge of record prior to construction of Lock and Dam 1 was 73,500 cfs in

1881.

The average water velocity in Pool I is about 0.5 mph at normal stage,

but may reach 5 mph at extreme high discharge.

Since navigation is not feasible at discharges greater than 40,000 cfs,

bridge clearances are based on the river elevation at this stage. The mini-

mum horizontal clearance of bridges at this discharge is 160.0 feet and 32.4

feet vertically at the Northern Pacific Railroad Bridge at Mile 853.0.

Biological Aspects

Terrestrial Veqetation

The native vegetation in the Upper Mississipp! River vatershed located

in Minnesota and western Wisconsin formed a gradient from tall-grass prairie

in the southwest to deciduous (hardwood) forest to mixed deciduous-coniferous

(hardwood and softwood) forest to the northeast (See Figure 22). Contact

zones between the plant communities occurred as mosaics of peninsulas and

islands rather than as distinct, separate belts. Climate, topography, expo-

sure, soils, animals, fire and human history are important determining fac-

tors in vegetational pattern.
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The Twin Citi(!s area lies in an island of prairie vepetation, where un-

disturbed, in a westward-cxtending peninisula of mixed deciduous-coniferous

forest (Minnesota Department of Conservation, 1965). It consists of white

pine, yellow birch, and m:nple on heavier soils, and red and jack pine on

sandier sites. On sandy soil.s to the northwest of the Twin Cities, there

is an island of the drie~r deciduous forest. Small to medium-sized oaks pre-

dominate in this forest.

West and south of these forests lies the tall-grass prairie region which

included bluestem and bunchgrasses and a rich assortment of nitrogen-fixing

legumes. This prairie has built up the soils of this area to a rich level of

productivity. Urban and agricultural development has disrupted or removed

much of this vegetation on the level uplands. A few small patches are pre-

served in the park area on the bluff top on the right bank of Pool 1. Size-

able segments of Phragmites-dominated prairie probably remain in drier bottom

lands and steep-sloped terrain.

A cross-section from the river, across the floodplain and up the bluff

face, shows vegetational zones representative of Pool 1 (See Figure 23). The

vegetation changes from rich, moist grassy meadows and bottomland woods to

northern hardwood forest, then dry upland forest near the top, to prairie

grasses on the drier blufftop.

On the floodplain in the Twin Cities area, exposed sand and mud deposits

become vegetated by herbs such as teal grass, millet, smartweed, and others

(See Table 7, Wallace e.t a]., 1969). This herb layer continues under the

river bottom forest, which consists of elm, maple, willow, cottonwood, and

other trees.

In Pool 1 the few acres of floodplain are located in the upper reach of

the pool and are occupied by a park, parking lot or industry. On the left

band of transect lAA is the University of Minnesota's coal dock, behind which

is a rocky slope, towered over by a cliff of Platteville limestone (See Figures

24 and 25; See Table 1 in Appendix A IV).
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Figure 24. Left Bank of Transect IAA, Mississippi River
Mile 853.1. University of Minnesota Coal Dock
is in the Foreground (Colingsworth)
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Figure 25. Plan and Profile of Transect IAA, Pool 1 (Gudmundson)
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Both riverbanks are covered by spoil on Tran;uct 1BB and arc nearly dL'-

void of vegetation (Figures 26 and 27). Behind the spoil is a dirt and rock

slope towered over by cliffs of St. Peter sandstonc and 1]Attcvi1]elimestono.

The left bank of Transect ICC is similar to the banks at IBB, but lacks

the spoil (See Figures28 and 29). The right balk consists of limestone

blocks forming a sloping wall about six feet high, with vegetation penetrating

the joints. Above this wall is a steep, grassy slope.

The bluff slopes have a variety of vegetation, depending on the density

of the tree canopy and amount of disturbance. Cottonwood, river maple, box

elder, red maple, green ash, basswood, and slippery elm are common tree species

on these slopes (See Tables 8, 9 and 10). The 1CC transect also had bitter-

nut hickory, paper birch, black locust and northern red oak. River grape and

Virginia creeper are common under the denser tree canopy and were the only

vegetation under the canopy on the left bank Transect 1CC.

More open canopy, such as on the right bank, Transect 1CC, has more vari-

ety, including staghorn sumac, sedges, grasses, daisy fleabane, field horse-

tail, false indigo, white sweet clover and milkweed.

Vegetation on Spoil

The zonation and succession of vegetation on the floodplain has been

studied by George (1924) and on sandy spoil on the left bank downstream from

the Franklin Avenue Bridge by Cooper (1947). George's study dealt mainly with

plant succession on floodplain areas which produced three stages or conmiuni-

ties:

1) the Pojuls-Snlix community, consisting of pionoer cottonwoods, wil-
lows and several non-,7oody plants growing on open gravel flats which
are flooded every spring but are very dry the rest of the year;

2) the Populus-Acer community, a forest made up of cottonwoods, surviv-
ing from the above pioneer community and the silver (river) maple,

located on river terraces or old flood plains in moderately moist
habitats; and

1M
!
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Figure 26. View Upstream of the Left Bank of Transect lBB, Mississippi
River Mile 850.6. The Spoil Pile is Located Just Upstream
from the Abandoned Lock Visible to the Right Center. Trees
Cover the Dirt and Rock Slope and the Brim of the Bluff
(Colingsworth)

- 790'

- 770' 440 57' N
- 750' 930 13' W

dredge 
dredge spoil

spoil navigation channel

4 +b b B 1-3
= 2260

Transect lBB River Mile 850.6
L/B R/B

Figure 27. Profil and Plan of Transect IBB, Mississippi
River Mile 850.1 (Gudmundson)
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Figure 28. Left Bank of Transect 1CC, Mississippi
River Mile 848.0 Showing Tree Covered
Lower Slope and Exposed Sandstone and
Limestone Cliffs (Colingsworth)
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Figure 29. Profile and Plan of Transect ICC,
Mississippi River Mile 848.0 (Gudmundson)
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TabJ t2 8. Plant Occurre(ncc on the I]/A 'I i ansect , Pool I
Mi i pp I i ', c r Mile 857. (: i i

____SpA iC:; Le f (eas t) Wi: 1 Rig'h t(.e;L)

CucurbitaCLeac Cucumber fawmily P
Parthenoc:L,;us inserta \'lrgni a creeper P1
Grand Twae Cra:;Is f am ily P
solidzlgo spp). go] denrods p
RlIUS sp. suma"c p
'opulu Set~e eastern cottonwood p P

Acer negundo box eldcr P P
FroxinOO. Is jyn vanic a, jreen ash P
var. suInto((.rrfI.ma p
Acer rubruia red maple P
Ascleilas- ,p mnilkweeds P
CompositaL Com'po~i te f amiy YP
Nelilotuis spp. sweet Clovers 1,
UMus splp elmis P
C~Irslum spp. th.ist].es 1'
Rumex Sp. sorrel, dock p

----------
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Table q P1 ant 0cm rLl cc )(('(. Ic BY'':e: ,I'l

ad 19i,,l~j;c * 7)

SI~ L(

U1lmus t lrCoTaasi4., roC)Ck elm-, 1) I
Sal x.1

Lopu [us AJr to ije__ , easteorn coL Pp
Cyc: a tli r i jC iiir.). jn a ilg~ "v e gV' 27

Verba : mi' cl 5;
Elynusm, na . ,Cin ad Ln v-iid rye 1?

SeILa1ia viId1is g reen lo..til 127
Taraxacun. off ( a1 ow; mon dandel jon .1
P art7 lien1O-c Is'Z uS- ins I L:-I , %.., o ri ei 7
Grin-e'l, C :aIss Lzrnily 60;%

S ~''~l1 p f. , C Ido-r
I'orus rUbrn, rod muilberry p
Arct ium uani1 us connmnl burdcI'

As~e1~' 'vrnecommon ikwmmd P
Eup aLe3 mm x u''osuyn' wh'ite boneset P P
Uliius rulbra sli ppery elm P) 2 5
GlecIhora Jiiederacea, ground ivy p
Tilia americana, Amnen can Ias.,:wood 5 0X
Fraxinus pennsvl vanica var.
subintegerri irr, green ac h 25X
Leno ni s cidica , commnon motherwortP
SaILiob tc- nunfolia, Russian thistleP
Bare soil ( maid)60
Leaf, lititr I 1OU"

,'.'
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Table 10. Planto(lculr rciw Qon thle 1-CC Ti-anf,~ct t, Pool 1,
Mis.s-.issippi. River M'i-lo 853.1. (ColIingswortli
and Cidmund son, 1973)

- Species _____Right (west) 'Bank Left (eaSt) I'lnk

Asipa yriaca comm~n vilkwced P
Rhus ypiastraghorn sumac P
Rohinia pseudo-acacia black locust P
Gramineae spp. Grass family P
keu! s rubra var. northerii rcd oa k P

-boreal is-
Eupz:.orium rug-osim white boneset P
Aiwrpli;i froi tcosa false indigo P
AXcer ne(,imdo box elder P
Populus balsamifora balsam-i poplar P
Cyperacezie Sedge f amily P
Nelilot-is alba white. sweet clover P
ArctiLUM minuis co-amon burdock P
Er-Igeron anmius daisy fleabane P
Salix interior sandbar willow P
Equisetum arvense field horsetnil P
Populu deltoc;ide-s eastern cottonwood P
Acer saceharinum river maple P P
vitis riai iebn rpsP P

Parthenocissus inserta. wondbrine P P
Fraxinus pe~nsiryjyvan 1.c green ash P P
var. subintecgerrima
Tilia. americana American basswood P
Ulmus SPp). elms P
Betula LpIpyrifera paper birch P
Acer sp. map"le P

ayacordiformis bitternut hickory P

/10 ?,/)0

l----.--Y A--4-
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3) the wat ur floodplain forct of tij. terraces, dominat ed by s i lver
maple qurvivors from 1hW I01)Ul.!;-ACer)_ forcst, American elm, and
white ash.

During the earliest pioneer years, cocton;.:oods and willows grow together on

the wet lower levels. Farther up and away from the water, the willow can

grow only in fine soil which can retain much water or in moist sand, whereas

the cottonwoods, with their larger root systems can reach down to the water

underneath the higher dry coarse gravel areas.

Cottonwood seed germination is drastically affected by the time of flood-

ing. For instance, a large crop of cottonwoods in 1922 was due to an cxtreie-

ly high flood that year, which receded and left a bare, moist soil just when

the seeds were viable. The young seedlings of 1923, however, were completely

destroyed by a rise of the water after germination. Because sandbar willows

reproduce by runners as well as by seed, they are not subject to fluctuations

in numbers to this extent.

More new information on floodplain succession would be useful: of the

season of seed dispersal of the major floodplain species, the rate of decline

of the spring floods, and time of deposition of spoil.

The species which will colonize dredge spoil during the season it is de-

posited depends largely on the date of deposition. If this occurs before

July 15 in the Twin Cities area, and a thin layer of silt forms the upper-

most layer about 6 to 8 inches above the water table, prompt establishment

of tree seedlings can be expected, especially of cottonwoods, peach-leaved

willow, American elm, box elder, silver maple, and thu very important shrub:

sandbar will ow. This vcgctat lol wonl d provide c'noe'Ai covor Ji':::cd.iat J to

improve the appearance of the spoil as early as the second year, and would

reduce blowing of spoil sand into the backwaters oi back into the channel.

The moisture gradient from the shore to the top of the spoil, as indi-

cated by the depth of dry sand, apparently results in a zonation of the de-

veloping vegetation (See Table 11, Figure 30). Bare, saturated sand recently

Fiur

I



Table 11 VuEge tatlci 04 /'s on S;:ndy Dr ed gc SpoI l tnl;,lh/

Vege tat ioo oo

comlon N;amc ;c tel j c:A1 3 /A

Trees
Cottonwood LPojpul i del c to ides p' P
l'eaci- leaved wI h]-ow Soli> o~yd)n sp

ierb s
Soft-s tcm buh rush S)c 1 lOs vol idls P)
S t i ck1-t igts Td ,Co, p.- D P
Barnyard grass Lclli nol on er~fa Ip
Lovc- grass Er -p ros'tis 51). 1) D)
Cocklebur X,110J12 SP.ur sP 1) P
Bristly foxtail Set a-r-ia Sp.
Stroll- sw Cll ____ PiIa1 ;i j

ca inwelhndlo1o igrvde:

Common91 Sitwort Sal so) a kali. P 1)
sinartweed Lyfi,2llunn sp.

Abuidance D do-minait.
P =presenit

(in Pool 1) to the Top of Sandy Dredge,,, Spoil (Cooper, 1947)

-7 7 =7 -
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exposed by lowered water level (Zon,- 1) hicd a few patches:3 of soft-sten bul-

rush (See Table 11). As the depth of dry sand incl.eases away from th,- shore

the dominant herb was stict tiights (Zoji.e 2), Iove-grass (Zone 3), and cockle-

burs (Zone 4). In Zone 5 the depth was similar to that of Zone 3 and corres-

pondingly, love-grass was dominant. In Zoncts 6 and 7 the dry sand was

successively deeper, with first bristly foxtail dominant, then a few scattered

pioneers of mainly the common sa].twort at the highest elevation. Bark frag-

ments present in Zones 2 and 3 reduced moisture loss, encouraging the estab-

lishment of herbs. A few cottomood seedlings occurred in Zones 2 and 4, and

1 to 2 year-old seedlings were found scattered in Zone 5, with the dry ridge

top in Zone 4 and dryer Zones 6 and 7 lacking tree seedlings. Other sites

studied by Cooper indicated that succession from the very moi'.;t (hydric) and

very dry (xeric) culminated in the moderately moist: (mesic) basswood and

sugar maple bottomland forest (See Figure 31; S,.. Tab]c 2 in Appea.,dix A IV).

The effect of moisture is also seen on the IYY transect (See Table

12), located just downstream from the spoil site shown in Figure 13A. Near

the shoreline stands a band of cottonwood saplings and a few river maple (See

Figure 32). Behind the trees is a band of smartweed and cocklebur which gives

way to love-grass and other grasses. Farther away from the shoreline the drier

spoil supports only winged pigweed. After a bare area there are some scattered

small willows; closer to the bluff sand-bar willows are numerous,and farther,

cottonwood and elm. Basswood and cottonwood dominate a low moist area just

below the west (right) bluff, perhaps an old spoil site. The herb layer be-

neath the forest canopy includes black nighshade, ground ivy, Solomon's seal,

dandelion, burdock and nettles.

A comparison of photographs cf spoi] sites taken in 1956 and 1973 indi-

cates that vegetation of spoil by trees near the water is indeed obvious af-

ter 17 years, however, no vc(.ta ionl gron .'. on t h, hi'hoi:, drier -,ites (Cotn'p-Irc

Figures 33 and 11; and Figures 34 and 12). Revegetation is slowed by continued

spoil deposition.

I
I
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PCIech I Z'IV' \r~ I \ I

llveJjL I t ofli M- 3c l-(yrc ('its

coVtllwn rela;tivc! inmportuance.

Pop.,115 (1 dltoide" /i/

Silver (R(iver) map11le
Acer saccha r inum

Americani elm
Ui1l1ti ;menri canal

Ash /

Fraxinuno sp.

Aiackb r ry

Box elder I
Ace r ncfeon n do

Basswood
Tilia americana /

*80 8* O 0 80 0 0 D 0 0 * 0 *
Sugar maple Below this line -cannot Lolcrate

Acer saccharui Per., is tent f looding

Nor the in red oak

Ironwood

[ Figure 31. Stagen in 11 oodplain Succes~sion from Wi13 1ow-Cotronvood
to Basswood-Sugar Maple-Northern Red Oajk Climnax Forest

(Adaptod from Cooper, 19617)
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"IIt

Figure 32. Zones of Vegetation on the 1YY
Transect, Mississippi River
Mile 849 (Senechal)
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Wild1 i fe. VN J1 3i.fe is divk!rse;C in the upp)er Mi ii s i pp. 111ver ]),-);Jln

va;ry ii)!, f rom I a r g maimmalU s sich I azs IhOt) e , bit:Zr , _,!d (Ieer to0 s~ii I.I f urbe rc '-

such as iink and river ot ter (See Tlablec 13). Al so na' r us g cae div jog and

dabl inj, ducks andl othe r birds igirate I hrucii tcI h;Itaer.a Led in) Sprino and

Fa 1l1. More rvecnt data (Wallace et a_. , 1 969) au~sa awide diversity of

an heal s in the Twin Citieos area (See Talblc Il)

Few animals occur in Pool I other than 1 niets, birds and woin due to the

lack of habiiat, frequency of disturbance and rouinig domstic cats. However,

a beaver house %witi] three individuals has becin obaer\'e(d on the left bank at

Mlile 851.3, iln a low area between two spoil piles at the outlet of a storm'.

sewer.

Birds which have bcen reported in the Twin Cities area and their migra-

tion schedule is given in Table 4 in Appendix A, IN. About 280 species of

birds have been sighted, of which 97 are common suipmer residents anld ncstL in

the area. Another 98 species are present in small nu.-mbers, often as spring

and fall migrants. Irregularly seen bird species, i.e. single sighitings,

account for another 85 species. Probably considerable numbers of these birds

frequent the varied and relatively continuous and undisturbed bluff and flood-

plain habitats in Pool. 1. The trees along the bluff faces and tops, as well

as on older spoil. deposits contain numerous spring and fall migrants, and pro-

vide nesting sites for sumimer residents also.

Only one bird, a mallard, was seen in Fool I between April and Novemtber,

1973, compared with 130 birds upstream in the St. Anthony Falls p)ools and 243

birds (Iownstrea-m in Pool 2 (See Table 1.5) . However, nunterous other birds in--

elUding sblrc~: iue j ay";' , ruk1 ISad cb sCon 1d be 11061ru in1 Ili b t rcs

which covesr the bl uffs.

The rlost sigilif dca di f ferraro beterace Pool 1 iuid tieo pan LS up- an1d

downstream which may account for the low observed bird population, is the

lack of protected backwaters such ats at Nicollet and Hlennepin Islands. Fur-

ther study may reveal a larger songbird population in Pool 1 compared with
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Table 13. Cw;:s. An iioAls , Citic' and.: rti. Fstrbc-srrct
of ttv Upuwr 1'1 RpiBivur 13_In , 1960
(FWS, 1970)

Ac -; . f~.5c....................... c/! At: '' c s Ccc ......................... 0 c It-

.. .ccc .ccl .c ..... . u .r .s .c .r .. .('k...s/c... ...

.' .ca .. .. .c .c.. . .. ... c.. ...ic... . .cdc ..c ... .c . Po1.';

. ..... .ci ..'c;"C cc .l . D . .... c .. .. .c .. c:..'c..

FLc. G a (.i;cc...c ... ... . i c s / [I'"r .s ..c . . AcI

R \iIo ... ... ... ... ... . .~c/! . c~ . c; is f6cc cc ~ ' .'cc .~ ... .c~ c-cc...''' ... ...

Rif~.'s; I te ). ................. . Lcctccll ci''1 171 e Ic.!'ci .scC,~c ./ ." 0c .Cc ............. . i C' C! c

Clp'os '.'SCO . ........... D Ad c c.'c' I M ,. ..... ' G c c ./;w ,d c I . 'C/C...... ... A

[ls ti . .. .. . .. .. .. . .. .. .. . 1 cit i. I i '; Ul.c0 5,,C " d I' ll A csdi-

Les! ctt'zI s;tc-c ~ .c/ ~tc ct L i ;i~.......... . . . . . . . . 1~ L i~ ah ,r .......................... s ',

"! t i l ........ ....... . .Jclsc .ic (cc .tc .I .c'" .. !c'' . ' . I' .. i
ftuffc Grc . ... ... . /ccs .cct//c .tcI' iu . (Icc/c -a/cc ,.

ShccptccleJ G o c c P dicc tes ftch:s.c. . .s.ccc. .C.r.c.c.O..r.'.e.c.'.c.e. . C. .c.,.2. cC. .Pn , c

I'ccyc i: PctrcIcc........................ pitisc~ " m CU. Ht I. ...~n ..................... 'cc 'l AYI S CcCC,.'!:f

Ricj c kt ~c~'sc............ lv c'" /'c'Cs Ct.................j1 ls LcfS,4p ...................... )clt A c/ I ;'::

U.cld uLC..............................!Critrrii ct;.h nlccp~c,,o Coc c:cco cc pucclrc.s.................... clicc .,1 hC.ccpcc

tAR scffl Grouse.'c .................... .ecc Cjojs/ ________~dyD c . . . . .. . . .. . . .,. , ??7

Shr)lie rue ...........Pdoct. hsI~~i o ilc lry:' I/,l :c
UoI 'ic u i A re td.................ic -i t .'o



Deep imurl~lws (,I.. ;w2 'cI;' I- 1, cc'1,-t T('

b ,, M i i i 1i L) , I U I', r dI. i k

Sl~ lo : IC V ;1Q l CC ,w I, r I -I r~ (I] -' I''-

wev reca'O;:C Leopard frogn,(V".cner n-- el'

mbarsh ~.;g-):'. ~1~,\; C Ai P .

INud flats, s ndy NeAingi oIiclks , other: 31isI d -Iloic C 1)1) ( ,e 'ghird'S;

Wooded an d shirub S ri nr g peep Cr, sVZr:1 I tlr e r ' WO(dCOCk , V a -,I

and sIIVcO( : , l :flVCnV ,~i dc-ur.('UC Ol

River bot tomn Green frog awndrC l; lkc~s, turtles; wood d ucks,

forests forest sohid upI)ld gt~~irs;cottontail rabbiL,
raccoon, graiy fox, wiie-t-ailed deer.

Upland hardwoods Wood fosannd s snaes * iill ud in- pilot blnaclk
Cn~~~~j

1
'e~~~~ A r((-Ie. i ((1 !';1h0  I In!V~rh s;; ; je

f l ;(II rzrect cceen , ga fe:.red fox , \[f i L -t :

deer.

Dry Sak i!'1:nn 'nateI;11 f [ed g'Clnt , ]ll tt ~nI'd -.illd S t ripcd

-and ' dry up] -Tid.. -l I-, red fex, w edlc , 1:11)i t n1jI cc] d'er.

wl Ii t I-, I 1 j ,u 1 d' 1 L -1 3-- 11nod ;jn iid 1r aI ik I i 5I ,I II

squlirrels, badger.



'l'ab ] u it 15 Bt . I .. v;\' ] + Ii t.i c ']. + : i ; .:

] ~ TAK 15 Bird Qnh(AC A cI

M1 jt YI 00 I nCA!

GrantL blu hu m /5 2) 9

C ;,, ow: rct 19 '16 80 I 1,

isim b ; Mi 33

l 25 25 90 1 20 1:

Cout 4 6 J454
Wood du.. 9 35 19: 2 1/ 1

hcs ant 1 1
Woodpecker 2 1 3

Yello-wihaftud f.:ichcr 3 3

Grackl t 2 1 3

Sparro 'w 1 1

I.hitU-throated sparrow7 1 1

Spotted sandpiper 1 19 20

Bank s;i;a.l loui 3 3

Belted kingfisher, 8 22 31

Black tern 3 3

Teal 2 2

Black duck 1 i

Hooded m:rganser 1 1

Pied-b illed grebe 1 ]

Barn sw.allow 1 ]

Osprey 1 2 3

Rvd.t:iid h:k 1 1

Gru ; u1 2 3 :

C r' ow 1" •
B] ai' *-.ru,d :[:it b~erm. 8

C,. : , rn 12 12
Canada goose 10 7 17

fotal No. irdivid,/poo] 180 176 130 /+7 237 0 &1



t he St . Anthony F ails poo.l s beca u!se of t he 1ouc h redliced t roeC cO'ituJ r a1olil t 1w-

b)anks ill t helre upst rea pool)Is.

Ilei-onlr may be su-,n flyinig ovvl or 01.1 u!;I-lI- in he ock Ztld Dil! I arlc-a.

These are probably from two I argo roYokeriL!: at Lie us-:tra Lip of Pig' s

E-Iye Island , opposite the St. P111ii .sockyards . The large at- one i-s a 170--

nest black-crownied night he ron and eci!iin Amcrlc i- a ogre -troaeFsndle

between a large Large flee tinp, basin on the %vest and a larrge barge terminial

on the east. These waterfowl are quite suns-Itive to Iiant ci acti'i tiec; for

ins ta nce , they ha~'e beeni repo r ted to abnamthc ir rook~ery when higli-a), coni-

struct ionl appr~oache-d within a mile (Pitrtcli 1 973).

Wlater_ Quai ty

Water use in Pool 1, as in zidj aCLnt pools, i-s varxeCJ , inlcluding' lmupply

for i.adustry , navigation and r-ci:eat ica s nd aestLhetic enj Qymenlt by a large

metropolitan area (See Fig-ure 35).

Generally water quality is good in Pool I comp1jared with downstream water

quality, except for bacterial. levels (FW,,PCA, 1966). During and just after

rainfall some or all of numerous storm sewer dlischarges increase bacteria to

levels which create a health hazard. however, water quality throughout Pool

1 permits a wider usage than in Pool. 2, althoug-h in -196k6 water quality e:-

ceeded the naximuma level of pollutants for such uscs as potable' wa-ter: anld

swimmqing, and other water contact sports. Tin .19,73, hoeeswiisriing was

popular at several sites in Pool. 1. One of the most popular sI-LOS w;Jas ad-

jacent to the abandone d lock upstream from the -Lke Street rd.

Daily records of some water quality param,'eters3 are avoilable for mid-

1967 to iic-I969 and serlvue to illustrate. the tseasonal vailationi ofthepra

ci s i.i nippi 1,ic in tI'' Tvi.n Ciities art' Seani vait -In A.rc 0

d;t. n-ay occur between Anoka and Pool 1 due to industrial storm sewer

hi itvh espe)cially true of the temperature downstream from
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I) illy flow viii cli is rccorded at *Aiioka (and, ;it- St . Paul) by the1C U. S.

Ceo logical St rvey , ramny'?d be Iveek-n 200i0 cf fi; i d 25,000 cl (i:ir 2 in

penid:Ix A, UV). At: Si:. An~lhou,, Fallis Lte lowest flow %:an 462 (A_-, inl 1932' ami

the miaximum coz.s 911,000 cf.,:, iu 1965.

Water tci-pelratu re, di_.ssolvedL oXygeCn (DO) , pIl and Sp)Ce:Lic con1ductivity

are automat lea] ly moni V ured by EPA at the hiJve,,%;ide Power Plat. The data

from mid-] 967 t-o m -id-1969 i1lust-rates thc seas onal \'drlation in these para-

rrmeters. Water teimperature rangecd from a winter lo(f about 3201F to a sump-

iner hi gh of 85'F (Fig ure 3 in Appoendix A, IV). Dissolved ox-ygen ranged from

a low of about 5 mgi(milligrTams per lit-or) in surunler to a high of about

17 mg/i. in winter. Gcnera] ly tile DO has two per-iods Of low con1centAration:

during low flows in stuumer and under the ice in winter (Figure 4 in Appen.dix

A, IV). by coniparison thje 1D0 record at Grey Cloud Is-land for the san period'

show"s that tho DO coace n tratien may re'ach ZL1ro Wg/i. (Fig-ure 5 inl Appendlix

A, IV) . Dlay to day variation also is greater within the Twin Cities.

Specific conductivity and p11 occasionally show rmrked fluctualtions, but

no marked seas.-onal pattern. phi ranged froiti 6.5 to 8.5 (Figure 6 in Appendix

A, IV) . Specific conductance ranged from 200 to 450 m,,icromhos (Figure 7 in

Appendix A, IV).

Additional water quality data is recorded at the I4iuneapolis Water 1.orlks

in Fridley. Th~e 3.973 data (throug,-h Augest:) is iniclucltd I- Table .3 iiipnd:

A, IV.

Downstre am from Pool I the waJ~ teIr- Iial ty (I rCZJasts' Co 0 ! '1r'1abl)y duec to0

the turbi itLy alid L''V i rSh a h' ;cetft' aid t eU'

s'ewa'ge and is jtrIal ofi 1 nelns ; thes s y corner.; f rem 1.6 p~l~nis s, the iges-t

of whi ch is the L V ropoi' lnWs va rletu Pi:t

At the bnse of Lock and D)am 1 tho turbulance increases thle dissolved oxy-

gem content of the river, apparently causing fish and waterfowl to congregate.

Sport fishing is popular below the dam. And, as man~y as six black-crowned

night herons have been attracted to time area.
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The mnain viater quality problemi ble Pool 1 eom:.s frolu the dl !;C11,aj:g of

tile Met ropolitoll 1%as tewate r frc a Lilen t Pl ant, Cie S;outLb St. Pa-ul Sr aePla11t

as wo.ll as 16 ethier szources ente-2: Pool 2 fromt1; siW''-e on~stroa-n to

Lock and Dam 2. These decuu~ase the dij.solvcd o>.yge(n (DO) , bent lieogaim

and percent of ganue~ fish in the total fish populatiou. ArL the same t Lnve ,un-

desirable characteristics increase, such as coliforin bactecria and pathogensl

(Sce Figuvre 36) 1973 dat a is in Taib Les 5 anid 6 i ii Append ix A IV.

Aquatic Vqtati on

The Tw.in CLLieS area riverine aiquatic Vegeta3tion may bec grouped into

habitat: types, such as deep and shil low marfshes (greater and less than throo

feet deep respect Lv-l-y ) a1nd wood and shrub sv.':n-:ps (sece Tabhle 16) . jlowcvc- I

such habitats are not found in Pool I due, to tlhe de ep gorge ;-Id to C:I tins ive-

development in the upper reach of the fumiecr fl oedplin. xo aquaitic V wta

t ion is knowni to occur in the mnainu ch;inel. Appa rently , 11o studies were

made of the -quitic vegctatjin in Pool 1 prior to the consti uct ion of thle

Ford Dam, in 1917.

Table 16. Aquatic Veg,,et ation in tILe Rli r HiV( r inl Ohe
Vi cinlity of the 1Thin Cit icer, sl cctm 1969).

Halbi tat _qje---c sr

D)eep hh.,e at lbul inhi, ed 11i:. ro'a:d-;t,'- s b1 uui !nd
wild i ece. 11)o>i u,'' poii c ! coocoat v11 r ma il-

icd a' o I r..r'; , v. C 1-; 1, C j I'-1 0~i-~,r 2 1, c

Wn I'' C~ Iff I L tlti X ; gtX s

t~oocI anjd ShruLb z~dm r'.!1:~ 'i;ed rvd, iud OthiolO:.
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uAqlt ir- Aniinailn. More than .120 qpec les of f-Ish arc found in the upjicr

Mssissippi River hosin (Soe Table 17) . Sixt~con of thc-e Sp)CeI eS arC! rCco(r! d

from Coon Rapids and 48 have beeni record(ed inl Pool. 2. Of thosc! speciJes tha

siai lmout:1h bassa, northern re dhorse , She lC)SILCe'd and carp have becen reportced in

Pool 1, although the information i., incomplete (Svc. Tables 1-8 and 1.9). No

commercial fishing has beeni done inl Pool I. Sport fishing is light (Cunning-

ham, 1973), although a recent articlu reported godsirn Aliouth bass fishing

(11unixcessey, 1973).

Besides painted turtles, no othc-r aquati c anils have boon sighted,

alt-hough the _ few shiallow areas probably miay have amphibians.

BoLtLwei scdii.1z'n-ts -r;de inl Pool 1 fromt rock,- and coar.,e sand, neair St.

AthotNv F Yi1i Loe'.'r Lock anid P. am, d x treIn 1 fine sand and ariacrob ic Silt

(Sc V'gi~3, 36' ;nd 39). Fart her d''ie c: LIIi r;:i CnLentL of the

1)()t eI r !,d, iw cen oi to inic c e (Sue FLi I ur e 'I)).

1',lil t 1i c l;:.o iiv i 'LClhrat 0!,"' !sh ~ al d(I nCI !t I-zi it:, I d Of i it Ie a1' in.bt

ot iTsL i V i dil I .: but d"Cr" 'i:, li', Var i~ (kindcs or njer; c 'tiefoot (Sec.

Id c 20) .'iw inc rei.n: i1:1 SLYn Wt l . inl Pol 1 in n~~esof Chl oneslodi _11d

CI i:',) T1,1t. Cgee 4I' .'4U: Iitl nIl t ncreac' i, n oijgan ic coot ct anid theI deereIeC; inl

7e ~i.L pt ILcie 1J 'c , ' I i] SO igcSWi tib I obse;Lrved decrease, dow~n-

tr.0ill t1W inner curr,-nt.

).Icm (fi'tion'. l'L" ~r~J ;'j~k ;r(viowi . et K.Lta:ia. le.Her

y.. lid tT) I .y. t '' W' 1 % t l k 1t., (. I 1~ J

s~~~tec~ it . 1 7 3 c tL I.'dc I c 1 . 17 6 ,t t1 i :1t

work, and to the significant decrease in water quality and current (due to

Lock and Dam 1) in the Mississippi River since 1864.

*Bottom-dweiiiing organisms lacking backbones and visible to the naked eye.
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In a 1964 study by !lokan,-on (1908) benthic animal commUnitites were

coliected at Coon Rapids (Mile 866 above St. Anlthony Fallf,) and on the prc-

sent 2YY transect (Mile 821.3, Pool 2). A comparison of the 1964 data with

that of 1973 shows a decrease in diversity and abundance upstream from the

Twin Cities and in the sandy bottom (mid--channel) downstream from the Tw\in

Cities (See Table 22). 1n the muddy bottom downstr-eam from the Twin Cities

(Spring Lake bottom) diversity remained the same but abundance doubled.

Threatened Species

Several lists of threatened (or rare and endangered) plants and animals

have been. compiled. No threatened species were found in Pool 1 during the

present study and none have been reported previously. A more detailed sur-

vey is warranted, especially for prairie species in the prairie renmant in

the Mississippi Park (between West IRiver Boulevard and the brim of the bluff)

at 36th Avenue.

These lists of threatened species include species protected legally and/

or other non-protected species whose populations are known to be or are sus-

pected of being dangerously low, either locally or nationally. Species rare

locally but not in adjacent states, i.e. species at the limit of their geo-

graphic range, are included in some lists. This inclusion serves to encourage

maintenance of a broad genetic (breeding) pool to help insure survival of the

whole species population. The inclusion of these species also serves to un-

courage the maintenance of a broad diversity of plants and anirmals for Minne-

sotans to enjoy.

The variety of Ii ,;ts of t.reatened species is due to tvo difficultics

which are encountered in compiling such a list. The first difficulty in the

definition of a threatened species, i.e. at what population size ;nd survival

rate (birthh ae r;,tu) 1. a ,specles; chu ;a : on bc ome, .in dan-

ger of extinction. Secondly, there is a lack of specific information on the

current population size and breeding success of many species.
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-PlanI s. A list of rare and endange red plaints in Ninnc~xotn wi:b compiled

by the MInne-sota Depzirmcn L of Natural Resources (."_" W'P, 1971) . 'tija list

contains, a total. of tcn pl an(: species, including, fivu lat found in roist.

prairies, three plant., found in opcn hiardwood!, , and two plaiils found in the

northein conifer iorests, (See Table 23).

Morley (1972) compiled an extensive list of threatened plant species in

several categories. His list of plants legally protectced in Minnesotia in-

cludes all. spocies of the orchidJ family; all spcies of lily, trillium and

gentian; and trailing arbutus (See Table 24).

A second category in Morley's list included those plants rare in Minne-

sota and all of North Amrica: a total of four pl-anl-,.. in(- of theseO specie~s,

the Pfinnesota trout-lily or adder's tongue, is found n~owhure else but in. ]'in-

nesota.

Morley included a third category containing 252 plants which are rare in

Minnesota but are more or less abundant in adjacent regions. A total of 36

of these species are found in one or more of the following metropolitan coun-

ties: Hennepin, Ramsey, Washington, Dakota and Scott (Table 25).

Morley's fourth category includes those plants typical of our native

grasslands. This list includes 122 plant species. The native grassland

habitation is the "most poorly represeonted fin the University Herbarium] ond

in greatest danger of eradication in the state." A more detailed study is

urgently necded to determine if the_ drier portions of the spoil banks do har-

bor these threatened plant.s, or, if not, then to determ-ine. the potential of

the spoil sites to providle a refuige for native graissland plants.

B~arthel emy (1971) includes three. plint species,- in his ist: two ca-.cti

and a legume (See Tfable 26\.

Animals. Barthelemy's (1971) list includes thirty-six rare and endan-

gered animals, including three reptiles and amphibians, one mammal and 29
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Table 23. Rare arid Endangered Plaints of Minnesota
(MNDNR, 1971)

Moist Prairie _labitat
Moist meado\ws Wild orange-red ]ily, wood lily, Li_i in phi adelpic1um

Shooting star, Doclcatheon iiciadia

Small, white lady' s-slipper, Cyprjp.ddn_ can-didum
(orchi d)

Prairie phlox, Phlox pilosa

Blue-eyed grass, S ,syrinchium anustifolIu.

Crazing in 1Pardwoods in the Southeast

Fairly open hardwoods Bluebell, Virginia cowslip or Lungwort, Mertensia
virginica

*Minnesota trout-lily, Erythronium pro llans

*Adam-and-Eve root, !Iplectrum hycinale (orchid)

Northern Forest

Fairly open coniferous Yew, Taxus canadensis
forests Ram's-head lady's-sllipper, cy rt-ped__,. arietinum

(or(hid)

*has always been fairly rare

I I,

I
L.I E ..2 : : 22 -~ ll. ...I 11 .. l .. ... r ..." ... !, 'll!' ' ..- '" , i



Table 24. Rare and F~ndnngered P1 antLs of rl-mi esota with
the Coun1ties inl Which They HOWe 1Been- FouLnd
(Nature Conservancy - Morley, 1972)

Plants rare inl Minnasofa -,nI in all of North America

Cruciferac; Mustard Family
Draba norvevica, Whitlow-grass: Cook.

Leguiinosne; Pea Family
Lespedezi e~saha Prairie Bus h- clover:, Cottonwood1

Crow Wing, Good Luo.

Liliaceae; Lily Family
Erythroinium propullans, Dwarf or lMinne.sota Trout-lily or

Adder's Tongue: Goodhue, Rice. Found nowhere else
in the world.

Orchidaceac; Orchid Family
Malazis paludosa, Bog Adder's Mouth: Clearwater, Otrtn--il.

Plants legally protocted inl Minnesota (the protection is weak,
and needs strengtLhening).

Ericiceac; Heath Family
Epimj(ea rpsTrail ing Arbutus.

Gentianace; Gentian Fa-mily
Gentiana, Gen tian, all species.

Lilinceae; Lily Family
LiiJLily, all1 socucies

Triliumtrill iu::M, l). SpeC0,eS.

N'yinphcaccac; Water Lily 11amily
Ne Jumblot ea Lot-us Lil.

Orcida~rceac (; O-rc1id lI' aily
All Species.
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Table 25. Plants Rare in Minnesota but More or Less
Abundant in Adjacent Regions (Morley, 1972).

PLANTS FOUND IN (COUNTY)

Angiosperms; Flowering Plants

Alismataceae; Water Plantain family
Sagittaria graminea, grass- Ramsey, Washington, St. Louis
leaved arrowhead

Araceae;. Arum family
Arisaema dracontium, Green dragon, Dakota, Winona, Houston
dragon root

Araliaceae; Ginseng family
Panax quinquefolius, ginseng Once widespread from Houston to

Jackson to Mille Lacs to Wash-
ington Counties, now nearly ex-
terminated by herb-hunters

Campanulaceae; Bluebell family
Specularia leptocarpa, western Ramsey

Venus' looking-glass
Caryophyllaceae; Cactus family
Stellaria alsine, chickweed Ramsey, Winona

Cistaceae; Rock-rose family
Helianthemum canadense, frostweed Fillmore, Houston, Winona, Wash-

ington
Compositae; Sunflower family
Coreopsis tinctoria, golden Blue Earth, Hennepin, Ramsey
coreopsis

Convolvulaceae; Morning-glory family
Cuscuta polygonorum, smartweed Freeborn, Hennepin
dodder

Cruciferae; Mustard family
Arabis laevigata, smooth rock Clearwater, Todd, Hennepin,
cress Houston

Cyperaceae; Sedge family

Carex formosa Ramsey
Carex plantaginea Hennepin, Winona
Scleria triglomerata, tall nut- Anoka, Ilennepin, Ramsey
rush
Sclcria verticillata, low nut- Blue Earth, Dakota, Hennepin,
rush Scott

Droseraceac; Sundew family

Drosera linearis, slender-leaved Hennepin
sundew

Echinochloa walteri, cockspur Wabasha, Washington
grass

3uncaceae; Rush family
Juncus articulatus, jointed rush Ramsey
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Table 25 (Continued).

PLANTS FOUND IN (COUNTY)

Angiosperms; Flowering Plants

Leguminosae; Pea family
Astragalus ceramicus, rattle-pod Ramsey

Lythraceae; Loosestrife family
Decodon verticillatus, swamp Anoka, Chisago, Hennepin
loosestrife

Najadaceae; Naiad family
Najas olivacea, bright-green Anoka, Ramsey
naiad

Onagraceae; Evening primrose family
Gaura biennis, biennial gaura Hennepin Houston

Potamogetonaceae; Pondweed family
Potamogeton diversifolius, Anoka, Ramsey
Rafinesque's pondweed

Rosaceae; Rose family
Rubus folioflorus, blackberry Ramsey, Washington, St. Louis
Rubus latifoliolus, blackberry Isanti, Ramsey
Rubus rosendahlii, Rosendahl's Ramsey
blackberry
Rubus semisetosus, blackberry Anoka, Ramsey

Rubiaceae; Madder family
Galium verum, yellow bedstraw Hennepin, Lac Qui Parle, St. Louis

Scrophulariaceae; Figwort family
Aureolaria pedicularia, false Hennepin, Washington, Houston
foxglove
Besseya bullii, besseya Dakota, Goodhue, Hennepin, Ramsey,

Scott, Washington
Gerardia auriculata, auricled Blue Earth, Dakota, Nicollet
gerardia
Gerardia gattingeri, Gattinger's Nicollet, Wabasha, Winona, Wash-
gerardia ington
Gerardia pururea, large purple Hennepin
gerardia

Solanaceae; Potato family
-Solanum triflorum, cut-leaved Clay, Hennepin
nightshade

Umbelliferae; Parsley family
Ilydrocotyle americana, American Chisago, Washington, Houston
marsh pennywort

Verbenaceae; Vervain family
YVeraeiia nie x, narrow-leaved Fillmore, Rock, Scott
vervain

Xyridaceae; Yellow-eyed grass family
Xyris torta, slender yellow-eyed Anoka, lennepin
grass

!1

1'
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Table 20. Rare an, d End angored Plants, A.hibim:s , cptiles
Birds and Nm1mals in Minnesota (Bartheleny, 197])

Plants Birds (Continutud)

Lotus amr-oa,:-, birdsfoot-trefoil Trumpeter swan
?1amrLat2:"'ia Viipara, cactus Bald eagle
Opunt-ia hwiZfuca, prickly pear cactus Osprey

Peregrine falcon
Amphibians Marsh hawk

Sandhill crane
Cricket frog Piping plover
Red-backed salamander Wilson's phalarope
Common newt Avo ce t

Westcrn willet

Reptiles Caspian tern
Great gray owl

Blue-tailed skink Hawk owl
Wood turtle Boreal chickadee
Blanding's turtle Chestnut-collared longspur

Lark sparrow
Birds Sharp-tailed sparrow

Le Conte's sparrow
Sprague's pipit Grasshopper sparrow
Baird's sparrow Henslow's sparrow
Yellow rail Yellow-breasted chat
White pelican Prothonotary warbler
Egrets: 1. Common (American) Mammals

2. Cattle
3. Snowy Star-nosed mole

I
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birds. Of th_;e I lie sandli 11 crare, osprey and Ame.rj c;,rn (roma,,n) eret o(--

cur ini the '\iin Citie ; arcs,

The list of rarc and endangcred spcec s; coi jplcd by the U. S. Fish and

Wildlife Service (1970) includes; two mareals, four bi-tdr and one fish (Table

27). Although Pool 1 is within the geographic ragite or migration of these

species, none are likely to occur in Pool 1. due t-o lark of habitat.

Pre-project Environmcnt

A few old photographs and several studies suggest the nature of the

habitat in Pool 1 prior to the nine-foot channel project.

A view downstream tnken in the 1890's from the Upper St. Anthony Falls

Dan shows a narrow, rapid iisiss;ippi River Jittered with logs of the lu:nher-

ing industry (Figure 41). The exposed floodplain on the right bank is par-

ticularly littered with lumber, shacks and construction. In the foreground

is the Stone Arch Bridge and farther do.,nstream the (now absent) 10th Avenue

Bridge. Buildings beyond on the right bank indicate approximately the head

of the present Pool 1. Note the bare bluff under these buildings and a bare

area downstream on the left bank, near the present site of the Univrsity's

power plant.

A map of the Pool I area in 1895 (MRC, 1895) indicatc that the '"i•is-

sippi in this reach had 14 i.slands (See Figure 42). The fast current and

shallow depth may have impeded navigation. Several quarries were located

on the west (left) bank betwe en the Lake Street Bridge and Frankl in Avenue

BrJ dge.

An example of the environtr.ntal. changes wrought by irpounding the Nis-

slissippi River is provide.Jd by a sell..S of phot agrii h at St. ,Intj:oay Falls.

Much of the river bottom below St. Anthony Falls Lower Dam lies exposed in

the 1926 photograph (Figure 43). The bluffs on the right bank near the steam

clouds are bare of cover. Residential and industrial development on the

I
I
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Tfable 27. JRaro and Lndaongered Aniv.70-s of the Upper
Ml ssissippi River baisi n (.VS, 1 9?0)

Anlimal l'roseilt D i~ o

Indiana Bat Midwest and eas tern U:!i.Lted State:; i rca-I th
1M)otis noa swestui-edg of zr Rcg ion inl OkI ahc::'al

Status endang(ered with estimated to con tral Vurmonit to southermn islii0
population 500,000. and as far south as northern Flo rida.

Timber Wolf Lake Superlor Region of 'Michigan, Wiscon-
Canis luous Ivcaon sin, and Minnesota.

Status endanger-ed 'wi ii estimated
population 300-500.

Southern Bald Eagle Nests primarily in Atlantic and Gulf coasts
1Haliaeerus lencoceohalwz: but ranges northw,-,ird in siWrto

Status endangerci Vwith about 230 northe-rn United Staites and Can,,,n.
active nests in 1963.

American Peregrine Falcon Breeds from northern Alaska to southern
Falco peregr- is anaturi Greenland south to Baja California; winters

Status rare with estimated population in northern United States.
5,000-10,000.

N. Greater Prairie Chicken Resident locally in prairie habitat fromn

YymLpanu chus cupido p-innat-us central. southern Canada south to northeast-
Status rare within Basin. ern Coloradlo, northwestern Kansas and

northeastern Oklahoma east to northern
Michiglan, Indiana, Wi sconsin, Illinois and
Missouri.

Greater Sandhill Crane Breeds locally from southern British Co1 u::-
Gru s conadellis fab ida bia, east: t~o southern Nani toba including

Status rare. with anl cstimntTIed popula- 'Minnesota, W.iscon i n Michigan.

tion of 2,000 east of Rocky Moun-
tain~s.

Lake Sturgeon Distributed throughout Great Lakes brini-

Acipenser f ill vescens age witLh records f rom 11ss issippi aaJ 5
Status rare w,-ithi o;ti.ated siz e of Croix Riversn

population unkno'wn-.
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Figure 42. Preproject Environment (about 1895) of
Pool 1, from the Franklir Avenue Bridge
to Minnehaha Creek (MRC, 1985)
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flood,)dain is seen such as thie Univorsity pl 1ant (Figure lilt). Thuce

Mil t '0)utMC'11C tOf! the le'ft blUff is t-he Ceda r Avc nuei ge t hen uude r con-

st ruct i.on.

by contrast the bluffs prusuntly (197) seem better vcj-getaL':d aid the

river is of suff icient depth to cover the entiru. bottom of the valley (Fig-

ure 45). Developmecnt it; extensive along the floodplain and bluff top,aiid

bare soil is seen at the Siiieiy sand and gravel yard on the right bz.11k iia'-

mediat~ely downstrcam fromi the St. Anthony Falls Lipper Lock.

An example of the vegetation and animals in the Twin Ci ties area prior

to the p)roject is available in the study by Leisnai~n (1959). lie mrapped the

vegetatien of eastern Spring Lake from,. the Cenaral Land Office Survey Mnps

(See Figure 46). lie alsFo surmmarized the notes by late flietrichi Lange of the

vegetation and aniimals~c in Spring Lake in the 1920's and early 1930's.*

The early settlimnt (1855) vegetation in Spring Lak-e consisted of an

elm-maple forest on the bat tomlands surrounding the marsh now covered by

Spring Lake. Oaks fringed the bluff tops, while open prairie with aspen

groves lay beyond. Studies by Lange indicate that the dominant plant of thle

marsh at Spring Lake was the bulrush, fScirpus sp., with many cottonwoods and

willows along the margins (See Table 3 in Appendix A, IV).

There are also appare~ntly no records of the early animal populations in

the Pool 1 area. Lange's studies of Spring Lake show gaefish aboUndeILd i~n

the lak~e, muskrats- built their houses throughout the marsh, and countless

duck-s used the marsh and laike as a stepping poiint on their annual spring and

fall. inigr.ations.

Studies made, by Cnor--e (1924) su-gest a sIlcccssinna--l stageC from !i wil-low

to cottonkwood on a Ii@dl f o.e~~:2of ',]1,- 1 (ecJ~i 28").

This was accompanied by an overall increase in individuals which occurred as

the flood level increased elevation. A decrease in flood level elevation

during the next year may have caused the reduction in individuals observed;

however cottonwood remnained the dominant tree.
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An ext.cnsixve stud y of tLhe Hi sois. pi Riwvt.r fromi the Cr rdden 13r dce In

Minnc'apo]is; to Winona was uTineta -ako.ni ill 1928 (ii.-.c., 19''3; Woodl',.1nd, 3930;

and Rei.lhard , 1931).

The condition of the Hissjsippi ill the lVin Cit Lcs was descriled by

Reinhard (1931) as follows;

"The MissfJ.sippi River enters the Twin City area at Camden, 802

feet above sea level. Station No. 1 is located in north ilin,epolls
at the Camden Avnuc Bridge. The stream here has a velocity at or-

dinary stages of aboutL one mile per hour and the bottom i. for the
most par:V firm and sdardy. The average slope above Canden to little

Falls is 2.6 feet per mile although the slope of the entire Hissis-
sippi above the Minnesota River :is only 1.4 feet per mile. At this
station the river ins fairly well recovered from the wastes discharged

by municipalities :in the upper stretches and hs not yet received any
sewage from the Thin City area.

Shortly after unteluJig llinnesopolis the river passes over the St.
Anthony Falls where it drops 70 feet and in so doing leaves the

prairie and clay banks for a channel that lieL, for niny miles be-
tween rocky bluff,: of iinostoine and sindstonc. Two miles above the
confluence of the Miniie.ota, the river again falls a distance of 33
feet at the Twin City Lock and Dam, whi ch was constructed in 1914.

Station No. 4 is located directly above this dam in the pool of

relatively quiet water which extends about five miles upstream. The

Minneapolis sewage and part of the St. Paul wastes are discharged
into the river above this point. As a consequence the bottom of the
pool is covered wiLth a thick sludge deposit and foul conditions pre-

vail during the summer especiallyat times of low water discharge.

At Fort Sne]i g, a few ile,,; h),1.ow the Lock and D): n, the 1Misis-

sipi :is joined by the LMineset: , a river %-hich does littl.e to al-
leviate polluted conditions in the iain stream. Fifteen miles

further on, at Inver (;rove, SttJion1 No. 8 is located. The river
has no;: rccelved the colh.1)iled sc-,r. e and jiju,,-1i;0. wastes from
MinneLIpOlis, St. 'aui, Soth St. PZu 1, ) nil evpov. Puteloe sludges

d tIe[r eI, ari .- ]!ai: , a uY. 0r stat.2 o.I favy c;l h i , L. i iie

nexntpo.1 1- on L i VL 1.vL i! S itot ion No. 9, ;leve 1.];'st i11-.
and above the co;jT ne1(e( of he St, C~oiX TiheV. 'he wter here is
deeper and the cur (I-at j:oe rzpid. ]It tc o,u,,es are still heavy

but, no ad tioial sr¢',: ias h , . ;:dd ci '-<,a L.r ,rove and this

station.

In the interval between Hastings and Red Wing the Mississippi

receives the waters of the St. Croix from the east and those of the

Cannon from the west. The former is a clean stream with a discharge
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slif f clent to il.ny-rovc .p)provii b] y t lie sni Va(juldi ity of thle ii
ssiS i ; thc lcat Lut. rL i itm a .i if; t. ;ei Fffe c rd b)y cons derb
Po)I LutiOnl butI its S Ii 'nCIba Io -I'.s t oo s] i ),Iht to hazvc any, mar I .d c i fect
oil the iriain st SCdim. JEW lOW H I(.'' V j ib 1~ 1: i.(! id ;i bO .70 t 11 C UVI' 1 0
the Rod ki Scat. ion No. 13 is lociitCel.

FrO1n th12 1oo1th Of ot te NineotaRivyer to thie StLate line the >ais
sippi is a broad, pl acid St ram ve a gn% 1,000 f ect across the 1maill
channel. About five .ii les below.- Red Uin;, tHic ]rixr ,r f j ls out its
gorge and foriis a laeapr>im uy22 ni los in Ietli;.td about
2 mile-s in ave rage w~di d. fTis section of tie rvris knovin as
Lake Pepin."

All but one of 1iinneapol is' and( 14 of St. P.ail's sanitary sewers emp-

tied into Pool. 1 in 1928 (Vkoodward, 1930). These sewvrs fouled the water

throughout the pool, causing obnoxious -mellis expeci ally during pcriods oif

low flow and high Ltperatutre. In general thClEscs;p Rive-r water in

the Twin Cities was heavily polluted, unfit for eontanmpt ion alld po!red a

health hazaird to the Public and livestock. Fish ihad berni nearly eliminated

from this reach.

Large quantities of suspended solids fromt these sewers were deposited

in Pool 1. The oxygen reFsources decreased from about 4.5 mg/I1 inl June and

July of 1928 at the Washington Avenue Bridge to about 0.5 mg/l, at Lock and

D~am 1 (See Figure 47). Pollution tolerant planktonic and benthic organismsP

comprised 60% and 100% respectively of thei r total popul ations. Total bAc-

teria amounted to about 200,000 pcer ml throughout the year.

The Pollution frc'in the. Twifn Cities in 10,28 decreased the. concentration

of dissolved oxygen and increa5sed the concentration of bacteria, and the bio-

chemical oxy.-en detirnd. (5-day denanid) downsPt roan to Lake Pepin (Table 29).

Although fish wore eliminated from, the river from Minneapolis to ot

in~s , pollut ion did not seoim- to hiave a sitif ateffect vpon the phy to-

plankton (free-floating, microscopic plants) (See ']able 30).



II

.4 ti

'.-.~c ' ______ --

Figur 47 h1lf, fP ]ht O ri 1( ~ 1C ti" iiO~e

Ci -o4 -n i Lho Ox ge Ic o r,,, (it thr'iv r fl ---- in

MclcJ*'(xyg n r sji (-s -d s o vd xg n m ni

bicim(a oxge dead rinnd 91



-102-

I~ I

0O ai

o , r-

0 c

W0i

U CI e

'rd I .. , -t c .~ d . *

-44 (4'C-K 4

-1 C'4

. .' . ...



I
-103-

Table 30. Predominant (pd), Dominant (d) and Subdominant (sd)

Plankton Species at the Various Stations (Reinhard, 1931)

Organisms Mississiylpi River Stations

1 4 8 9 13 15 17 19

Cyclotella meneghiniana pd pd pd pd pd pd pd pd
Asterionella f.gyreillima d d d d d d d d
Lysigoniumi granulata sd d d d d d d d
Synedra delicatissima sd d d d d d d d
Synedra ulna d d d d d sd sd sd
Scenedesmus quadricaudus sd sd sd sd sd sd d d
Aphanizomenon flos-aguae sd sd d sd sd
Diatoma vulgare d sd sd
Cocconeis placentula d sd
Gyrosigiua spenceri sd
Stephanodiscus niagarae sd sd sd sd sd sd sd sd
Actinastrum han. fluviatile sd sd sd sd sd
Lysigonium varians sd sd sd sd
Scenedesmus dinorhus sd sd sd sd
Pandorina morum
Fragilaria crotonesis
Fragilaria capucina

Note: 1) Reinhard's method of determining relative abundance was to tabu-

late the ten most abundant species from each station. The species
with the highest abundance was called predominant (pd); the second
to fifth most abundant species were called dominant (d); and those
raking six through ten were called subdominant (sd).

2) See Table 29 for location of the sampling stations.

Land Use

Urban development dominates the bluff top and floodplain of Pool 1;

virtually no land is vacant (See Figure 48). The bluffs and li, Lted flood-

plain in the upper 1.5 miles of the pool are occupied by industry and insti-

tutions, principally the Miuneapolis barge terminal and three other barge

docks, the University of Minnesota and several hospitals (Figures 49 and 50).

Downstream from the Washington Avenue Bridge to Lock and Dam I, the re-

maining floodplain and the bluff slopes and brims in Pool 1 are parks bor-

dered by residences (See Figure 51). Below the bluffs, most of the park

i
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Figure 48. Vacant land bordering Pool 1 -'
(Minneapolis Plan. and Devel., 1972)

LNj

area is undeveloped open space, including some spoil piles (See Figure 8 in

Section 1; Figures 11, 12, 26 and 31 in Section 2).

This steep-walled, undeveloped reach of the gorge provides the largest

open space (5 miles), and the greatest relief from the highly urbanized Twin

Cities area. Indeed, the view from within the gorge creates the illusion

that one is part of a larger primitive setting; the crowded urban area can

nearly be forgotten. Numerous trails have been made by the frequent hikers

and picnickers. Where these trails rise to the bluff top, significant ero-

sion of the steep slope can occur.

0
II i - "' 

-I
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Figure 51. Parks and Open Space in Pool 1

(Minneapolis Plan. and Devel., 1972)

Development of this relatively primitive area of the gorge in Pool I

probably would best be restricted the minimum necessary to provide public

access while reducing their impact. For instance the trails should be re-

located and surfaced to reduce erosion, yet the informal character of these

paths should be maintained. With slight modification these paths, or por-

tions chereof, could be self-guiding nature tra.i -; and snowshoe and cross-

country ski trails.

Motor vehicles and buildings for public convenience probably should be

restricted to the bluff top, except possibly at the two large spoil sites.
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These sites, when properly contaijed could provide .several dunoe-beach recre-

ation areas capable of handling relatively large numbers of people. At thze

same time erosion could be minimized by promoting revegetation in strips per-

pendicular to the shoreline between spoil sites (See Figure 52). This pat-

tern of v2getation occurs at the spoil site downstream fr"om the Franklin

Avenue Bridge, which, if more closely spaced, would increase aesthetics and

decrease erosion (See Figure 11 in Section 2).

The recent annual increase in tons of goods shipped by river (See Socio-

economic Section) attest to the continued economic growth in the upper Mis-

sissippi River basin. This growth is particularly evident in the metropolitan

areas as shown by housing developments, urban renewal, development of indus-

trial parks, and highway construction.

About 100 square miles of the 3000 square mile Twin Cities metropolitan

area, or an area about 10 times downtown Minneapolis, is anticipated to go

into urban development. Part of this area will be devoted to highway con-

struction. Fr2eway construction planned or under construction are 194, 135W

and 1335.

In light of this growth, the Metropolitan Council has adopt 'J a I-ar-.,

and Open Spaces Program to guide municipalities in preserving .,'eveloped

areas for aesthetic, recreational, historical and productive uses. Examples

of such sites include floodplains, wetlands, shorelines, steep slopes, aquifer

recharge areas and wooded sites.

Evidence of this need was indicated in 1967 when a survey showed only

about 1/10 of the 310 miles of shoreline along the major rivers in the metro-

politan area to be in public ownership. Also only 42 of the 704 metropolitan

lakes were fronted with parks of 15 or more acres, and only 40 lake- had pub-

lic or commercial beaches. The Council's program advocates completilig aqui-

sition of 12 sites, consideration of 22 others, and the purchase and

development of 107 waterside parks.

I
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Figure 52. Recommended Method of Spoil Disposal, How Strips of Spoil Lying
Between the Spoil and Perpendicular to the Current Will Revege-
tate Rapidly, Providing a Screen to Wind and Water Erosion
(Colingsworth and Gudmundson)

Other types of areas suggested include a trail network, protection open

space (such as flood and drainage ways), open space for industrial and agri-

cultural production, and scenic open space.

Development along Pool 1, which is in the heart of the Twin Cities, is

residential or institutional along much of the lower reach blufftops, except

for a narrow strip of parkland along the very edge. The bluffs and river

banks in the upper reach, upstream from the University of Minnesota, is

crowded with connercial and industrial sites. These plus urban renewal and

dredging have created numerous bare-soil sites (See Table 31).

A massive urban renewal project is underway on the right bank near the

head of Pool 1. The Cedar-Riverside Project will result in a population of

about 30,000 people in high-rise apartments. This project includes the trans-

formation of the old Minneapolis terminal into a river-side park.

I



-109-

Table 31. Bare Soil Areas in Pool 1

River Mile Bank Location

853.2 L Site just downstream of hydroelectric
plant at Lower St. Anthony Falls Dam.

853.1 L &R Barge terminals and fill (R/B).

852.6-7 R Barge terminals.

852.0 L Spoil.

851.0 L Spoil.

850.5 R Spoil.

849-50 R Spoil.

848.1 L Old Spoil.

SOCIOECONOMIC SETTING

The socioeconomic aspects of the environmental setting are discussed

(1) by identifying the three-way subdivision of socioeconomic activities

used in this report and (2) by presenting an overview of these activities

in Pool 1 as they also relate to the Northern Section of the Upper MLissis-

sippi River.

Three Subdivisions of Socioeconomic Activities

It is useful to divide a discussion of the socioeconomic setting of

the study area of the Upper Nississippi River into (1) industrial activity,

(2) recreational activity, and (3) cultural considerations.

Indutistrial Activity

Industrial activity includes agricultural, manufacturing, transportation,

and related pursuits that affect employment and income in the study area di-

rectly; this includes employment on farms, in barge operations, commercial

I
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dock facilities, lock and dam operation-, and commercial fishing. While it

is probably most desirable to measure industrial activity in terms of jobs

or dollars generated, lack of available data makes this impossible in the

present study. As a result indices of this industrial activity -- such as

tons of commodities moved, industrial facilities constructed, or pounds of

fish caught -- are generally used.

Recreational Activity

Recreational activity has two effects of interest. One is the psycho-

logical value to the users themselves of being near or on the Mississippi

River for leisure activities. A second effect is the impact of the recrea-

tional activity on employment and income. Recreational activity is more in-

direct in its effect on employment and income than is industrial activity

and relates mainly to leisure-time activities of people using the Mississippi

River for recreational purposes; examples include boating, sport fishing,

hunting, sightseeing, camping, and picnicking. Recreational activities fre-

quently use units of measurement like number of boaters or fishermen using

a lake or river, fishing licenses sold, or visitor-days. It is often very

difficult to find such measures for a particular pool on the Mississippi

River. Where such data are available -- such as pleasure boat lockages --

they are used. Where they are not available -- such as fishermen using a

specific pool -- proxy measurements are used; for example, number of sport

fishermen observed annually by lock and dam attendants are taken as a mea-

sure of fishing activity in the pools -- even though this is not as precise

a measure as desired. Problems involved with placing dollar values on these

recreational activities are discussed in Section 6.

Cultural Considerations

Cultural considerations are the third component of the socioeconomic

setting. These considerations include three kinds of sites of value to

society: archaeological sites, historic sites, and contemporary sites.

These sites can include such diverse physical assets as burial mounds,
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historical battlegrounds or buildings, or existing settlements of ethnic

groups such as Amish coimunities. Because of the difficulty of placing any

kind of value on such sites,they are simply inventoried in the present study.

Overview of Socioeconomic Activities in Pool I

The industrial, recreational, and cultural aspects of Pool 1 are dis-

cussed below in relation to the entire Northern Section of the Upper Missis-

sippi River to provide a background with which to analyze the impact of

operating and maintaining the nine-foot channel in Section 3 of this report.

Industrial Activity

The existence of the Mississippi River and its tributaries has had a

profound effect on the industrial development of the American Middle West.

It has served as a route of easy access for transportation and communication

tying together the industrialized East with the agricultural Middle West as

well as the varied economies of the North and South.

Historical Development of the Waterway. The development of the Northern

Section of the Upper Mississippi as a waterway for shipment has paralleled

the rise of the American economy, keeping pace with the need to move bulk

raw materials and heavy, high-volume commodities over the wide geographical

areas served by the river network. This has allowed barge transportation to

remain competitive with other forms of transportation. It is noteworthy

that competing systems of land transportation such as railroads and highway

trucking utilize the relatively gentle river valley terrain in order to sim-

plify both engineering design and fuel energy denands. Thus, the Mississippi

River Valley is intensively utilized to meet the transportation needs of the

Midwest.

Long before the coming of the first white settlers, the Mississippi

River was a transportation corridor for the Indians. It facilitated the

primitive barter economy and served as a route for other forms of social and

cultural communication and contact.

!
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In its primitive condition, the Upper Mis,3issJppi was characterized by

numerous rapids and rock obstructions. Fluctuations in water flow during

various seasons of the year were minor inconveniences to the Indian canoe,

but demanded modification before commnerical use of the river approaching

modern tonnages could take place. Prior to improvements, such traffic was

limited to log rafts and shallow-draft boats which could navigate the shallow,

changing river between the Falls of St. Anthony and the mouth of the Ohio

River.

The necessity of modifying the natural course of the river to make it

suitable for commercial navigation gradually became apparent as the size of

the river boats and barges grew. Since the first river steamboat arrived at

Fort Snelling in 1823, steamboat transportation for freight and passenger

use grew to a peak in the decade 1850 to 1860 when over 1000 steamboats were

active on the entire length of the river. By 1880 the growth of the rail-

road system in the U. S. and the relative slowness and hazards of navigation

marked a decline in the use of the river for transportation. However, on

the upper reaches of the Mississippi, growth in freight traffic continued.

A peak was reached in 1903 with 4.5 million tons moved between St. Paul and

the mouth of the Missouri River. A subsequent rapid decline coincided with

a drop in river use for moving logs and lumber. In 1916 only 0.5 million

tons were shipped on this section of the river.

As the population and industry of the Upper Midwest region grew, there

was a corresponding growth in the need for cheap coal for power generation.

A technological consequence of this need was the development of the barge

and towboat which gradually replaced the steamboat on the river. The barge

and towboat required a deeper channel than the earlier steamboats. The

j need for coal in the Upper Nidwest was complemented by the need to ship

large quantities of grain south to other centers of population. Thus, econo-

mies were realized by having at least partially compensating cargoes going

both directions on the upper reaches of the river. In the later 1920's

large grain shipments from Minneapolis began.

I
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Although four-foot and six-foot channels had been authorized in recog-

nition of the increasing role of the river in the transportation network of

the U. S. and technological developments in barges and tugs led to the autho-

rization of a nine-foot channel to Minneapolis in 1930. By 1940 the channel

and the requisite locks and dams were essentially complete.

When figures for tonnages shipped at various times on the Mississippi

River are examined, it is difficult to make comparisons that relate to

Corps' activities. For example, the following factors complicate the prob-

lem of data analysis during the period prior to 1940:

1. Statistical data collected by the Corps of Engineers covered

different segments of the Upper Mississippi River during these

years. Some of the reasons for this appear to be changes in the

administration of river segments during that time, as well as

some experimentation with better methods of statistical collection.

2. Shipping in the Upper Mississippi was distorted during the decade

of the 1930's due to the construction of locks and dams in the St.

Paul District.

3. From 1941 to 1945 all forms of transportation were utilized for

the war effort without regard to maximizing economic return.

Therefore, data for these years (as with the 1930's) does not

necessarily reflect a normal period of transportation on the

Upper Mississippi.

Barge Shipments. Table 32 shows tonnage information available for

selected years from 1920 through 1945 for the river segrment identified in

the third coluim of the table.

In more recent years, data are available for the St. Paul District.

Table 33 shows the movement of tennages through the St. Paul District for

the years from 1962 through 1971.

.1
:3.1
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Table 32. River Shipment from 1920 through 1945
(OCE, selected years)

Total Tonnage (short tons)
Year Shipments and Receipts* River Segment

1920 630,951 Mpls. to Mouth of Missouri River

1925 908,005 Mpls. to Mouth of Missouri River

1926 691,637 Mpls. to Mouth of Missouri River

1927 715,110 Mpls. to Mouth of Missouri River

1928 21,632 Mpls. to Mouth of Wisconsin River

1929 1,390,262 Mpls. to Mouth of Ohio River

1930 1,395,855 Mpls. to Mouth of Ohio River

1935 188,613 St. Paul District

1940 1,097,971 St. Paul District

1945 1,263,993 St. Paul District

*Tonnages exclude ferry freight (cars and other) and certain cargoes-transit.

Table 33. River Shipment from 1962 through 1971
(S.P.D.-NCS, selected years)

Total Traffic

Year St. Paul District*

1962 8,168,594

1963 9,266,361

1964 9,621,336

1965 9,205,538

1966 11,346,457

1967 11,618,849

1.968 10,736,350

1969 12,647,428

1970 15,423,713

1971 15,070,082

1972** 16,361,174

**Estimated



~-115-

When this table is compared with the previous one, the growth of ship-

ping on the Upper Mississippi becones readily apparent. Thus, the total

traffic for the St. Paul District in 1962 was about six times the traffic in

1945, which was a war year. In fact, t:raffic in the St. Paul District for

1962 was more thain five times greater than all of the traffic on the Upper

Mississippi between Minneapolis and the mouth of the Ohio River in 1930.

Traffic about doubled in the St. Paul District between 1962 and 1971. This

was due to a large degree to grain shipments from the District and to an

increase in receipts of coal.

In 1928 data were collected on receipts and shipments for the river

segment from Minneapolis to the mouth of the Wisconsin River. This approxi-

mates the navigable segment of the Upper Mississippi within the St. Paul

District, and the data for this segment can be equated with data for the

St. Paul District with little difficulty. In that year, 21,600 tons were

shipped and received. By 1940, tonnages handled reached 1,000,000 tons an-

nually, when the lock and dam system and the nine-foot channel were virtually

complete. Tonnages reached 2,000,000 by 1946, and 3,000,000 by 1953. By

1962 over 8,000,000 tons were shipped and received in the St. Paul District.

In the decade between 1962 and 1972 this had doubled to 16,000,000 tons.

Table 34 shows the number of trips made on the Mississippi between

Minneapolis and the mouth of the Missouri River in 1971.

The commercial lockages through the locks in the study area are shown

in Figure 53 and provide another indication of the recent increase in barge

traffic. From 1960 to 1972 the number of lockages in the portion of the

River between Lock and Dam 2 and Lock and Dam 10 increased by about 600.

The most dramatic increases occurred, however, in the St. Anthony Falls and

Pool I area; Figure 53 shows thnt conrmercial lockagcs through the three

locks in this area increased by more than 1,000 lockages each during the

period, which includes the opening of the Upper St. Anthony Falls Lock

and Dam.

I
I



-116-

Table 34. River Trips in 1971 (OCE, 1971)

Transportation Mode Upbound Downbound

Self-P rpe1ed

Passenger and dry cargo 1,900 1,875

Tanker 3 2

Towboat or Tugboat 8,433 8,419

Non-Self-Propelled

Dry cargo 25,250 25,237

Tanker 7,312 7,311

TOTAL 42,898 42,844

The shipping season for most of the Mississippi River within the St.

Paul District is usually eight months, from mid-April to mid-December. The

navigable rivers maintained and operated by the St. Paul District shoul.d be

viewed within the context of the system as a whole including the Mississippi,

Ohio, Missouri and other tributary rivers. In 1964 a detailed analysis of

origin-destination waterborne commerce traffic patterns showed that the

average miles per ton on the Upper Mississippi River Waterway System ranged

from 700 to 800 miles. This indicates that the great- bulk of shipments

and receipts have origins or destinations outside the St. Paul District.

Each pool then in addition to its own shipments and receipts contributes to

the economic benefits enjoyed by the system as a whole. Thus, any measure

of the economic benefits of the river co ,,oerce en an iijdN\:idu:J pool. must

include the benefits that it contributes as a necessary link in the Upper

Mississippi system.

Commercial Dock Facilities. For access to the barge traffic on the

Upper Mississippi River many companies maintain docks. Some of these have

elaborate facilities for loading or unloading specialized cargoes with which

i
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they deal -- coal, oil, grain, and gravel and crushed rock. The facilities

vary appreciably with individual pools. Pool 1 had 8 such docks, but present-

ly there are 4, three of which are located at the Minneapolis terminal under

the Washington Avenue Bridge (See Table 35). This terminal is being relocated

in St. Anthony Falls Upper Pool. Next year the Minneapolis terminal will be

converted to a park. The only conim'ercial dock will be the University of Min-

nesota coal dock at Mile 853.1.

Table 35. Conmercial Docks in Pool 1

Mile Company

853.1 University of Minnesota coal dock
852.5 McMillan Grain Co. dock
852.4 Municipal coal dock
852.0 Kack Refining Co. dock

11
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Commercial Fishi ncI_

Although commercial fishing is an important economic activity in some

pools in the St. Paul District of the Upper Mississippi River it does not

occur in Pool 1 nor has it in recent history. The narrowness of the river

and thus the lack of shallow waters in this pool and the formerly signifi-

cant level of pollution make commercial fishing unlikely; lack of habitat

continues to limit commercial fishing. Figure 54 illustrates the wide

variation in commercial catches in the St. Paul District.

3000

0 2500 -± t -t- 4 --

0

-0 2000 - 4 - - - -- 1 -+ - I0
0 1969
0

1500 -. -+ - -It /A
o 1000 - +t /

-c

-4 1 - n1 1 / / 96
i -T- 11960

0 5

- tL -C ) --- --- --

SAF I 2 3 4 5 5A 6 7 8 9 0

Pools

Figure 54. Thousands of Pounds of Fish Caught Annually by
Commercial Fishermen in Upper Mississippi River
Pools in 1960 and 1969 (UNRCC, selected years)
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Recreational Activity

In addition to the indut'rial acti vity described bove, the 11orthern

Section of the Upper Missi.ssippi Rivcr has; provided innalcrabelo recreational

opportunities for the entire region it serves. Ever prior to Congressional

authorization of the 4 1/2 foot channel in 1878 -- th,- first compr uensive

project on the Upper Mississippi, from the mouth of the Ohio River to St.

Paul -- settlers used the river extensively. The Upper Mississippi provided

settlers the opportunity to boat, fish, hunt, and sightsee. However, the

need for these settlers to carve out an existence in the M1innesota wilderness

of the early nineteenth century meant that recreational uses of the upper

River were few. Thus, boating then was not primarily for recreational pur-

poses; it was essential for the settlers' continuing existence to move peo-

ple and supplies to where they were needed. Similarly hunting and fishing

were not for sport; they provided the food needed to feed the settlers'

families; surplus fish or game were sold or traded for other necessities re-

quired for daily living.

As the twentieth century dawned, increasing leisure time accompanying

the settlers' higher standard of living led to greater recreational uses

of the Upper Mississippi River. Segregating present-day recreational uses

of the study area due to Corps' operations from those existing in 1930, prior

to the nine-foot channel, presents problems. These arise because of the dif-

ficulty of isolating the iacreased recreational uses of the river caused by

more people in the region, higher standards of living, and increased leisure

from those caused by improved navigational and other recreational opportunities.

A significanL portion of the recreational activity on the Upper Missis-

sippi is due (1) to the vlproved navigation opportu!IiLies for large plea-

sure craft on the river, and (2) to i 7.Ipro.,cd f is, an I,(7,awe ;am bietat reul tin-

from higher water levels in the river. 'fhe potcLial fo;" improved fishing

and hunting is not always realized (for example in Pool 1) because increased

industrialization along the river has polluted the river and has reduced the

available hunting areas, which often more than offset the increased habitat.

I
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Data for 1963, which includes the St. PiJhony Fa]ls pools with Pool 1,

shows that picnicking and fishing are the mos frequent pcrsuit~s of visitors

to this segment of the Mississi i River (See Tab]e 36). Swirainiing and

camping were non-existant, primarily due to lack of sites and water quality,

respectively.

Presently there probably is greaLer use of the river as indicated by

the number of pleasure boats in 1972 (See Figure 55). During 1973 hiking,

fishing and swimming also seemied popular in Pool 1.

Boating Activity and Related Facilities. As noted above, much of the

increased boating in the study area of the river -- and virtually all of it

for the deeper-draft pleasure boats -- is made possible by the improved

navigational opportunities provided by the system of locks and dams. Figure

59 illustrates the dramatic growth in pleasure boating in the study area

from 1960 to 1972. The figure shows that number of pleasure boats moving

through each lock in the study area increased by an average of about 1,500

boats during the twelve-year period. It can be seen that the number of

pleasure boats moving through the Lower St. Anthony Falls Lock and Lock 1,

those at each end of Pool 1, increased by about the average for the District

during this period.

Table 36. Entire Pool 1 and St. Anthony Falls Pools Visitation -- 1963

Annual - 1963 Peak month - Au,:ust
Percent Percent

Activity of Total Number of Total Nurber

Camping 0 0 0 0

Picnicking 57.1 7,200 73.5 3,010
Boating 2.4 300 1.2 50
Fishing 39.7 5,000 24.8 1,020
Water-skiing 0.8 100 0.5 20
Swiiiri hig 0 0 0 0

TOTAL 100 12,600 100 4,100
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Figure 55. Pleasure Boats Moving Through Upper Mississippi

River Locks in 1960 and 1972 (S.P.D.-NCS,selected years)

There are no Federal or State parks in the area backing Pool 1. The only

public use facilities are found and managed by the Minneapolis Park Board

(see Table 37) and St. Paul Community Services (park system). The facilities

offered are limited. The only pleasure boats kept in Pool 1 are rowing shells.

The narrowness of the gorge and navigational hazards involved in the competi-

tion for space with conmercial barges further discourages pleasure boating at

least to the extent that most other pools are. utilized.

Sport Fishing and Hunting. Precise measures of the number of sport fish-

ermen using a specific pool are nut ivailable. Al.thouglh creel census data

are available for Pools 4,5, and 7 in the study area, comparable data do not

exist for the majority of the pools. Probably the best data available are

the number of sport fishermen observed annually by attendants at lock and dam

I
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sites. Attendants to each lock and darn observe the river pool areas above

and below their site at 3:00 p.m. each day ;nd record the combined number of

sport fishermen seen; the data are not recorded separately for the pool above

and below the lock and dam. The annual data are simply a sum of these daily

estimates.

The number of sport fishermen observed by attendants at each lock and

dam in the study area are shown in Figure 56 for the years 1960 and 1970.

There has been little change during the ten-year period of the number of

sport fishermen observed. Because fish tend to seek. water with a high con-

centration of dissolved oxygen and the dams tend to aerate the water, the

bulk of the sport fishermen tabulated in Figure 56 are probably in the pool

downstream from the lock and dam cited on the horizontal axis of the figure.

The figure shows that in 1970 fewer sport fishermen were observed from either

end of Pool 1 than at any other lock and dam except Pool 2. The urban indus-

trial nature of the pool and the high degree of water pollution discourages

most fishing in Pool 1.

Sport hunting along the Mississippi River study area is large. However,

due to the narrowness of the pool and its location in the heart of the metro-

politan area hunting does not take place in Pool 1.

Sightseeing and Picnicking. Studies in general indicate that a body

of water is often essential for most recreation activities. People want

this water not only to boat on or to fish or swim in, but also simply to

look at, picnic beside, and walk along. The study area of the Upper Missis-

sippi has served this purpose for settlers for two centuries. Again, be-

cause precise data are lacking, it is generally dif'ficult to describe the

magnitude of this category of recreation ;1nd to isolate the effect of Corps'

operations on these recreational activities in eochi pool. To assist sig-ht-

seers, the Corps of Lnginuers operates eight Overlooks at locks and dains in

the study area. In addition, a variety of parks exist along the river that

are available for sightseeing and other recreational activities.

I!
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Perhaps the major recreational activity in Pool 1 is sightseeing and

picnicking. From the vicinity of the campus of the University of Minnesota

to Lock and Dam l,both banks of Pool 1 are largely devoted to narrow strip

parks. These parks cover the steep slopes of the bluffs and a small strip

of the level tops of the bluffs. They are interlaced with pathways, benches,

tables, fireplaces, etc., which encourage recreational walking and picnicking.

There are a number of overlooks which open to vistas of the narrow, steep-

sided, wooded, river-gorge and the busy river itself.

Future visitation to Pool 1 (and St. Anthony Falls Pools) are projected

to be mainly for picnicking and fishing (See Table 38). Future facilities

should also accommodate hiking and biking which were observed to be frequent

activities. Perhaps a swimming beach should be planned especially for safety

reasons because several informal beaches have become popular.

Cultural Considerations

Some historical and contemporary sites exist in the study area. No

sites in Pool 1 are known to have been located below the bluffs; thus no

site has been affected by operations of the Corps of Engineers.
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3. THE ENVIRONMENTAL IMPACT OF THE NINE-FOOT NAVIGATION CHANNEL

INTRODUCTION

Impacts are understood here to be environmental responses to human ac-

tivities. This study deals mainly with those impacts resulting from the

Corps of Engineers' navigation channel project and related activities in

Pool I of the Mississippi River.

Because little detailed information appears to exist which describes

such impacts in Pool I the impacts listed below were derived from:

1. field studies in Pool 1 and elsewhere on the Mississippi River

during summer, 1973;

2. information from previous studies of Pool 1 which were made for

other purposes;

3. information from studies elsewhere on the Mississippi River;

4. basic ecological and socioeconomic pY.nciples and processes;

5. personal experience of the investigators.

Field studies during the summer of 1973 extended the data base to pro-

vide further information on at least the major impacts.

The Corps' project which produces these impacts includes (a) the pre-

sence of Lock and Dam 1 Mississippi River Mile 847.6 and (b) the operation

of these structures and the maintenance dredging of the nine-foot channel.

Additional impacts arise from (c) navigation by commercial and private ves-

sels of the river and from their attendant facilities, and (d) barge termi-

nals and related facilities. The environmental impacts of this project are

the changes brought about in the physical and biological components of natu-

ral systems and in changes in the industrial, recreational and cultural com-

ponents of socioeconomic systems.

I !
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NATURAL SYSTEMS

Identification of Impacts

The initial impacts of impoundment and dredging by the Corps of Engi-

neers upon the natural environment in Pool 1 are:

1. formation of a slackwater pool by impounding a reach of the river;

2. increase in bare, erodable soil (spoil banks);

3. increased turbidity due to dredging, spoiling and navigation;

4. increased incentive for developing the floodplain and river banks;

5. moderation of water level changes.

The initial impacts listed above result from Corps' operations and main-

tenance activities, navigation, barge terminals and related facilities and

to pre-project activities (such as snagging and cleaning activities), pre-

sented in Tables 39, 40 and 41. From the initial impacts, stem the "secon-

dary" and "subsequent" environmental impacts which are then traced further,

if possible, in the discussion section.

It should be noted that the impacts in Pool 1 are not always completely

isolated and ascribable to the Corps. This is because these impacts are

part of a complex, multi-dimensional web of physical-chemical, biological

and socioeconomic interactions. Impacts may also derive partially from

other economic and cultural activities and from natural environmental pro-

cesses acting in the local area as well as in the larger basin.

Discussion of Impacts

Since the Corps already had built Lock and Dam 1 and formed a pool for

the six-foot channel project, the increase in depth to nine feet for the

present project must have had relative]y less impact on the natural environ-

ment in Pool 1 than elsewhere. The Pool 1 area is unique, however, because

of its close, high bluffs and limited floodplain, and its location in the

heart of the Twin Cities.
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Thus, the on-going maintenance of the nine-foot project also may have

a greater impact. Environmental impacts of early channel projects as well

as the nine-foot project have not been reported-upon previously.

Although atypical compared with downstream pools, some effects of the

present project may be similar to those in other pools. Thus, insofar as

possible, the impacts described above should be considered in the framework

of the whole Mississippi River system and in light of other human develop-

ments.

The Mississippi River mainstream is the largest continuous freshwater

corridor in the United States. Long recognized for its unique scenic, fish,

shellfish, wildlife, recreation and transportation qualities, concern for

the future of wildlife and fish in the valley which led to the establishment

of the Upper Mississippi River Refuge is still vital today.

Channel Maintenance

The effect of dredging in Pool I apparently has not been studied.

Compared with other on-going Corps' activities in the Upper and Lower Pools,

dredging and spoiling probably have the greatest impact on the natural en-

vironment.

Annually an average of over 125,000 cubic yards are dredged from the

St. Anthony Falls pools. This amount is only slightly below the average

annual volume of the other pools in the Twin Cities area and the remainder

of the St. Paul District as well (See Table 42). Because of the length,

the dredged volume averages 22,000 cubic yards per mile. This is 38% more

than the next highest volume. However, there is no floodplain; thus the

spoil is piled higher or further constructs the channel. Although this

constricting process increases hydraulic efficiency---thus possibly reducing

dredging--it also increases flood levels upstream. Further, more aquatic

and terrestrial habitat is lost when the spoil is spread out. When the spoil

is piled higher it revegetates less rapidly, if at all; it erodes more easily;

and it is aesthetically displeasing.

i
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Table 42. Quantity of Sediment Dredged per Year from the Mississippi River
and Navigable Tributaries in the St. Paul Engineers District
(Calculated from data from S.P.D.-NCS, 1973)

Average Annual

Average Annual Volume Per Year
Volume Per Year Per River Mile

Pool or Tributary (in cubic yards) (in cubic yards)

St. Anthony Falls 23,522 5,470

Pool 1 125,640 22,042

Minnesota River 12,253 834

Pool 2 175,126 5,422

St. Croix River 40,836 1,667

Pool 3 112,187 6,130

Pool 4 487,836 11,062

Pool 5 235,969 16,052

Pool 5A 152,302 15,865

Pool 6 95,371 6,716

Pool 7 150,303 12,738

Pool 8 282,549 12,127

Pool 9 155,000 4,984

Pool 10 94,313 2,875
Total Annual Volume,

Total 14 St. Paul District 2,143,207

Average Annual Average Annual

Volume per Pool 153,086 Volume per Mile 8,856

I
I
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The effects of dredging may spread beyond the site and last longer than

just the dredging period. Dredging creates a sterile area of the river bot-

tom and increases turbidity in the river. Turbidity may be harmful to fish

and other aquatic animals, as well as possibly reducing the productivity of

aquatic plants on which the aquatic animals ultimately depend. A study of

the effects of dredging upon water turbidity revealed that a 3-fold increase

in turbidity at the surface and at the bottom occurred 100 feet downstream

from the clamshell dredge. While the surface turbidity returned to "normal",

the turbidity on the bottom was still nearly double the "normal" nearly a

mile downstream from the dredge (Figure 57). The amount of increased tur-

bidity and area affected may be less in Pool 1 even though the same equip-

ment is used, because the dredged sediment in this pool is generally a

coarser sand than at the study site in the Minnesota River.

The unstable, unconfined spoil banks usually begin eroding as soon as

they are deposited, with the resuspended sediments causing increased tur-

bidity and redeposition downstream. This sediment probably smothers bottom

organisms and removes fish habitat (and often requires redredging downstream

in the navigation channel).

While the greatest turbidity may persist only as long as dredging pro-

ceeds, the recolonization of the bare river bottom may take years to accom-

plish. Mollusks have been reported to take ten or more years to recolonize

a dredged area (Stansbery, 1970).

It seems, therefore, that the effects of dredging adversely affect the

natural environment not only on the actual site,but further downstream, and

through a longer period of time than at the actual dredging site and time.

Apparently some of the spoil is becoming revegetated. However, most of

the spoil lacks natural vegetation because it is too dry. Aesthetic appeal

of this reach of the river thus has been impaired. These nonvegetated

sites will erode and deposit more sediment in the river which must then be

dredged out again.

!
I
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Figure 57. Effect of Clamshell Dredging Upon Turbidity
in the Minnesota River, September 25, 1973
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Lock and Dam Operation

As mentioned above lock operations may provide a by-pass around the

dam to fish and mussels; attendant surges in current may produce some in-

crease in turbidity and bank erosion.

Although they may retard the migration of fish and mussels, dams pro-

vide a good means for aerating the water and thus improving conditions for

aquatic life.

Navigation Effects

Commercial navigation, barge terminals and other facilities dependent

upon the nine-foot channel, may have adverse environmental effects on Pool 1.

The turbidity increases because of resuspension of bottom sediments

from propeller turbulence, and by bank erosion due to the energy of the wake,

by two to three times within 30 seconds after passing. Even 30 minutes af-

ter passing the turbidity may be 1 1/2 times that prior to passage of the

tow (Figure 58). The amount may be less in magnitude and duration in Pool

1 because some of the sediments are coarser than the study site in the Min-

nesota River. Spills and discharges coming from the vessels and barge ter-

minals may be adverse to the environment. The activity of commercial traf-

fic up and down the river provides aesthetic interest to many people, but may

also disrupt fish and waterfowl behavior.

Effects of Impoundment

Impoundment of the Mississippi River in the gorge, formed when St.

Anthony Falls was receding has converted a large segment of a youthful,

wilder river into a quiet reflective pool. A reimiant of the river's former

energetic surface may be found under the Burlington Northern Bridge,just

downstream from the St. Anthony Falls Lock and Dam. The placid waters of

Pool 1 provide unmatched facilities for the University of Minnesota and the

Minneapolis rowing clubs.

I
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Figure 58. Duration (in minutes) of Increases in Turbidity Due
to a Tow Boat on the Minnesota River at Mile 13.3,
from the Right Bank to the Left Bank on

September 25, 1973.
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However, this quiet pool also has the greatest amount of dredging an-

nually per mile than elsewhere in the Twin Cities area and the whole St.

Paul District as well. While the spoil banks provide areas for recreation,

the spoil is gradually filling in the narrow gorge, altering its aesthetic

quality and reducing the river to a narrow channel. Spoil disposal as well

as dredging also may be detrimental to the recently reported small mouth

bass fishing.

As the spoil erodes, shallow water areas are formed which may provide

additional fish and waterfowl habitat. These shallow areas may also be

used for beaching small boats.

Except at the heavily-traveled bridges, the large apartment tower near

the Ford Bridge, and the tall, clumsy Health Sciences Building at the Uni-

versity, travelers through the gorge can easily forget that they are passing

through the heart of a large metropolitan area. As bare spoil banks continue

to fill the gorge, and as more apartment and other towers command the sky-

line, the aesthetic appeal of Pool 1 will decline sharply.

By virtue of converting a free-flowing river to slackwater pools and

subsequent sedimentation, impounding the river and maintenance of the chan-

nel, along with urbanization, are undoubtedly the most important human ac-

tivities affecting the river system. By comparison

in the non-pooled section of the Mississippi River
between Cairo, Illinois, and St. Louis, Missouri, a reach
of nearly 200 river miles, there has been a loss of nearly
70 percent of the flowing side channels and approximately
30 percent of the channel surface since the 9-foot project
began. These losses are directly due to the construction
of emergent wing dams and closing structures, in combination
with dredging. This section constitutes nearly one fourth
of the total Uppcr Nississippi River reach committed to a
9-foot navigation channel (Vogtman, 1973)."

I
I
I
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This serves to emphasize the uniqueness of the remaining riverine habitats

farther upstream, particularly Pool 1, as well as to suggest what might

eventually happen in this reach.

Human impact on river valley ecosystems developed as the river grew

in importance as a trade route. In the nineteenth century, river transpor-

tation, which was important earlier in the fur trade, intensified as the

land was plowed, the forests lumbered, and cities flourished. These altera-

tions of the watershed probably yielded greater runoff carrying more sediment

and nutrients to the river. Water levels may have changed more drastically,

leaving broad areas of exposed bottom such as at the head of the present

Pool 1 compared with the present pools which now remain full from bank to

bank. These changes probably led to greater bank erosion, increased size

and number of sandbars and snags, and cutting off and filling in of back-

waters.

The increasing importance of the Mississippi River transportation to

the economy of the Midwest led Congress to direct the Corps of Engineers to

develop the river for commercial navigation. Initially, impacts were limited

to loss of substrate through the removal of snags and boulders. Later,

channelization by wing and closing dams and by dredging brought larger-scale

impacts.

Some organisms probably benefited from impoundment while others probab-

ly suffered. Perhaps northern pike, sunfish and carp increased. However,

the skipjack herring, Ohio shad and blue sucker have been eliminated from

the'river.

Impounding the river slowed the current, resulting in deposition of

sand, silt and organic matter burying the rocks and gravel of the free-

flowing river bottom. The increase in water level eventually eliminated 13

islands, totaling 73 acres (See Figure 59 and Table 5 in Section 1). Some

of these islands now are shallow areas, some were dredged and others reside

below spoil.

I
I
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Slowing of a rapid, free-flowing river into a slackwater pool, a

moderate pollutional load and constant dredging up and thus killing of the

clams has probably resulted in a severe reduction of the mollusk community.

Apparently most mollusks require a "lively current", and a migrating

fish community in order to disperse and maintain productivity. The migra-

tion of fish is prevented (or discouraged) by dams (Ortmann, 1909), although

navigation locks may occasionally provide a means to bypass this barrier.

Grant found 27 species of mussels at Fort Snelling in the 1880's, where

more recently only 13 species were located (Dawley, 1947). This reduction

in diversity may be the result of the combination of urbanization and the

disruptions of the nine-foot channel project.

SOCIOECONOMIC SYSTEMS

The impacts of the Corps of Engineers' nine-foot channel project upon

components of the socioeconomic system bordering Pool 1 are identified be-

low and then discussed in detail. The socioeconomic impacts originate from

the Corps' operation and maintenance of Lock and Dam 1 and from maintenance

dredging of Pool 1, as well as from the Lock and Dam and maintenance dredging

elsewhere in the Mississippi River. Thus these project features produce a

commercially profitable navigation channel extending from Minneapolis 857

miles to Cairo, Illinois.

Identification of Impacts

The impacts of the river-borne commerce and the Corps' project features

which provide the channel may be divided into industrial, recreational and

cultural effects. At present it is possible only to estimate these impacts

by using the numbers of facilities and vessels, and estimating the number of

people involved. However, information is as yet unavailable on the dollar

value of these impacts.

I
I
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Industrial Impacts

The principal industrial impacts are:

1. Barge transportation on the Upper Mississippi that leads to:

a. An increase in commercial docks on the River and

attendant employment,

b. Location of industrial plants along the River whose

raw materials or products lend themselves to shipment

by barge; this contributes direct employment in these

plants and indirect employment in finns --

1) providing goods or services as inputs to the barge-

oriented plants, or

2) using the outputs of these plants or raw materials

for their own operations,

3) reducing the recreation area and access, and

4) reducing aesthetic appeal of the gorge.

c. A decline in the quality and increased turbidity of water

in some portions of the Upper Mississippi River due to --

1) effluents produced by barge-oriented plants, and

2) turbidity caused mainly by towboat movement

2. Additional employment due to the operation of the Locks and

Dams.

3. Decline in recreational opportunities on and alongside the River

due to:

a. Increase in barge activity in pools and locks,

b. Loss of potential ramp sites due to industrial development

of riverbank property,

c. Loss of potential marina sites due to straightening and narrowing

of the river, and joining islands to the banks,

d. Decline in aesthetic appeal of riverscape.

To summarize, beneficial industrial impacts that result from operating

and maintaining the nine-foot channel and its associated locks and dams by
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the Corps of Engineers are an increase in the number of industrial plants and

commercial docks along the River with their associated employment, and the

employment in lock and dam operation. The detrimental effects are a decline

in water quality due to river barges and the related industrial plants along

the River, and a decline in opportunities for recreation on and beside the

River.

Recreational Impacts

The principal recreational impacts are:

1. A potential increase in recreational boating due to stable,

navigable water levels which should lead directly to more mari-

nas -- and their accompanying employment in other pools;

2. A potential increase in bird watching and fishing due to

an increase in --

a. Waterfowl habitat, and

b. Fish spawning areas resulting from rising water levels.

3. An increase in sightseeing visitors to Lock and Dam 1 and to the

gorge as a result of the spoil piles.

The effects cited above are positive except for those from increased in-

dustrial activity (barge traffic and industrial plants) that may reduce boat-

ing and fishing.

Cultural Impacts

No archaeological or historical sites of cultural significance in Pool 1

are known to have been affected by Corps' operations. A unique cultural fea-

ture, the Minneapolis Centennial Showboat, is located at the University of

Minnesota (Mile 852).
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Discussion of Impacts

The industrial and recreational impacts identified above are examined

in detail in the following three sections.

Industrial Activities

The industrial impact of the activities of the Corps of Engineers on

the Mississippi River in the St. Paul District can be measured mainly by

two major elements. They are:

1. The number of commercial docks for the transfer of cargo and

storage facilities;

2. The number of vessels and the tonnages on the waterway.

The industrial impacts due to the Corps' project in Pool 1 appear rela-

tively minor compared with Pool 2 because of the few terminals and vessels.

The limited floodplain area available for recreation and the unique aesthetic

quality of the gorge, contrastingvertical cliffs and horizontal water, sug-

gests that perhaps the barge terminals and related facilities in Pool 1 may

have a significant impact. This impact will be substantially reduced when

the present relocation of three of the terminals to the St. Anthony Falls

Upper Pool is complete.

The relocation of the Minneapolis Municipal Terminal means that the in-

dustrial impact will be primarily the number of vessels and size of the tows

on the river which are passing through to and from the St. Anthony Falls

pools.

The sand dredged from Pool 1, which averages 125,000 cubic yards annual-

ly, could become a significant economic impact if a market could be developed.

This positive impact also would greatly reduce the adverse impacts upon the

natural environment caused by spoiling of the dredged sediment.

I
I
I
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Barge Activity. The greatest and most obvious impact of the activities

of the Corps of Engineers in Pool 1 has been the modification of the trans-

portation system due to the growth of barge traffic. The visual evidence of

the impact is seen in the physical structures (e.g. locks and dams, and the

four commercial docks and terminals) on the shores and the barge tows moving

along the river. Pool 1 has been the origin or terminal for a small amount

of the commodities that move in barges along the Upper Mississippi River

until 1909. But more importantly it serves as a water link between important

commodity terminals upstream in the St. Anthony Falls pools and downstream

from it.

Figures 60 and 61 show graphically the growth of receipts into and ship-

ments from the St. Paul District in the 30 years from 1940 to 1970. Although

receipts still substantially exceed shipments, the growth in shipments (89

percent grain) from the district in these three decades indicates the great

impact of the river on the regional economy.

In 1970 some rough projections (based on 1964 data) were made of the

growth of commerce in the St. Paul District (UMRCBS, Appendix J, 1970). The

projections suggest that the tonnage of barge traffic moved in the Upper

Mississippi River basin will about double from 1964 to 1980 and about triple

from 1964 to 2000.

It is noteworthy that receipts into the St. Paul District have always

exceeded shipments. In earlier years this imbalance was often extreme(e.g.,

1953 receipts - 3,052,144 tons, shipments = 334,233 tons). Recently,however,

the ratio has been around 2:1. Inasmuch as grains and soybeans constitute

the preponderant tonnage of shipments, fluctuation in waterborne transport

of these products can be profound due to crop conditions and storage facili-

ties, foreign sales, and competing forms of transportation.

Data are not available on the tonnage of cargo originating, terminating,

or passing through the St. Paul District. However, some comparative idea of

shipping activity can be gained from the following information. Vessel traffic

I
I
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measured in tons from Minneapolis to the mouth of the Missouri River is

shown for selected years as follows:

Year Total Vessel Traffic (Tons)

1962 30,526,626

1964 34,108,482

1966 41,311,941

1968 46,174,929

1970 54,022,749

1971 52,773,097

Detailed data on the amounts of commodities originating in Pool I or

destined for it are not available. However, analysis of commercial and

industrial facilities adjacent to the pool suggests that the major commodi-

ties originating or terminating in the pool are grain, petroleum products,

coal, and steel.

Statistics on the numbers of vessels originating, terminating, or pass-

ing through Pool 1 are not available directly. However, some comparative

idea of barge activity can be gained from studying the commercial lockages

through Lock 1 and the Lock at the Lower St. Anthony Falls -- the locks at

either end of Pool 1 -- which are shown in Table 43. From 1960 to 1972 com-

mercial lockages through Lock 1 increased by 100 percent and those through

Lower St. Anthony Falls increased from only 71 in 1960 to 2,072 in 1972.

Commercial Dock Facilities. Firms that depend heavily on the river

often maintain riverside facilities. Pool I presently contains four commer-

cial docks and terminals, including one that is devoted exclusively to peto-

leum products, one only to grain, and two to coal.

Behind these docks are factories and/or storage facilities that are

dependent upon them. Thus, the ramifications of river navigation reach

deeply into the entire economy of the region surrounding Pool 1 and indeed

throughout the whole upper Mississippi region. Employment directly and in-

I
I
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Table 43. Commercial Lockages in Pool 1
1960-1972 (S.P.D.-NCS, selected years).

Commercial Lockages Through...
Year Lock I Lock LSAFa

1960 1,082 71
1961 1,323 317
1962 995 69
1963 1,367 294
1964 1,688 523
1965 1,571 1,047
1966 1,703 1,199
1967 1,560 1,096
1968 1,748 1,419
1969 1,949 1,743
1970 1,914 1,694
1971 1,765 1,442
1972 2,193 2,072

aLower St. Anthony Falls Lock

directly connected to these industries forms a small though significant per-

centage of the regional work force.

From an economic point of view most of the effects of the activities of

the Corps of Engineers are beneficial. Ultimately the benefits of economic

activity have to be measured in terms of providing livelihood to human beings.

Employment generated by the availability of waterborne transport to Pool 1

includes both workers directly connected with the river itself and a far

larger number of those whose livelihood is less directly dependent on water

shipping. In the first category is included employment by the Corps of En-

gineers itself, workers on docks and shoreside facilities, and those working

on the vessels themselves. The second category consists of those whose live-

lihood is gained by either utilizing the products brought into Pool 1 by

waterborne carriers or who process goods shipped by water. Included in this

category are those who supply goods and services to those directly involved

with water shipping on the Upper Mississippi.I
I
I
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The total employment involved either directly or indirectly with all

commercial operations on the river is not known. The Corps of Engineers it-

self has some 150 persons who are concerned with lock and dam operations. in

addition to this the dredge "Thompson" has approximately 65 crew members.

U. S. Department of Commerce data on employment on the Upper Mississippi are

deficient as well. These data are collected for mid-1 rch, a period when

water traffic in the St. Paul District is almost completely inactive and sea-

sonal lay-offs are in effect. Further, these data are aggregated in a way

designed to prevent isolation and identification of particular firms. This

also has the effect of preventing identification of employment or other eco-

nomic activity in particular pools or even of particular waterways. However,

some estimates of employment can be made. In mid-March of 1971 8,632 persons

in the U. S. were employed in River and Canal Transport. This figure does

not include warehousing or persons employed by firms where the SIC classifi-

cation lies outside of transportation, even though they themselves may be

working exclusively on the river. The same data show 556 persons in Minnesota

as a whole who work in the field of water transport. This, however, includes

the Great Lakes as well as the Upper Mississippi. Some of these people are em-

ployed by private dredging firms whose existence is dependent upon the work of

the Corps.

A further benefit which can be attributed to the maintenance of navigation

on the Upper Mississippi is in the savings in transportation costs, particularly

for bulk commodities. Estimates of these savings have been made. One of these

estimates the savings over the other various least-cost alternatives of between

4.0 and 5.4 mills per ton-mile.* It is generally recognized that bulk commo-

dities, particularly those having low value-to-weight ratios, are appropriate

for barge transport. Coal, petroleum, and grain that have these characteris-

tics are examples of such commodities that originate, terminate, and move

through Pool I on river barges.

*Source: Upper Mississippi River Comprehensive Basin Study. Appendix J, p. 90.!
I
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The socioeconomic impact of the physical. effects of navigation cannot

be measured precisely because of the inability to isolate single factors from

a wide range of potential ones. Dredging and the movement of tugs and barges

does increase water turbidity to which must be added pollution from barge spil-

lage, washing and loss while loading or unloading. Yet this pollution is small

relative to the load placed in the river from other sources. These impacts may

have economic effects on commercial and sport fishing, which are discussed below.

Commercial Fishing. There is no known commercial fishing in Pool I due

to the lack of habitat and intensive industrial and other uses of the river

water. Pollution is significant and appears to have inhibited fish spawning

and growth.

Recreational Impacts

Recreational impacts in Pool 1 may be divided into boating activities

and related facilities, sport fishing, sightseeing and picnicking.

Boating Activities and Related Facilities. For Pool 1 the best avail-

able measures of pleasure boating activity are records of pleasure boats lock-

ing through Lower SAF and Lock 1 -- the locks at each end of the pool. These

data -- along with the total pleasure-boat lockages through these two locks --

are shown in Table 44 for the years 1960 to 1972. The table shows sharp in-

creases in pleasure craft locking through both Lock 1 (from about 1,300 in

1960 to about 2,800 in 1972) and Lower St. Anthony Falls (from none in 1960 to

1,455 in 1972) during the period. The table also shows an accompanying in-

crease in the number of pleasure-boat lockages during the period. Further in-

creases are expected as water quality improves, recreation areas become

available at Nicollet and Boom Islands and simply as the Twin Cities population

grows. The present fuel shortage reducing long trips to other waters will help

to increase the number of boats also.

A few physical facilities have been developed in Pool 1 that exist mainly

to serve boaters using the pool. These include:

I
I;j
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Table 44. Measures of Boating Activity in Pool 1
1960-1972 (S.P.D.-NCS, selected years)

Pleasure Boats irough... Pleasure-Boat Lockages Through...

Year Lock 1 Lock LSAFa Lock 1 Lock LSAF a

1960 1,278 0 708 0

1961 1,211 10 838 10

1962 959 1 623 1

1963 1,427 5 856 5

1964 1,890 887 1,155 679

1965 1,121 402 743 208

1966 1,677 809 1,064 581

1967 2,088 1,024 1,221 732

1968 2,193 1,218 1,422 881

1969 2,415 1,134 1,405 769

1970 2,960 1,482 1,861 1,010

1971 3,455 1,936 1,783 1,226

1972 2,798 1,455 -1,568 926

aLower Saint Anthony Falls Lock

I
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Facility Number

Small boat harbors, marinas, boat clubs 1

Recreational sites with ramps 1

Both of these facilities result from Corps' operations on the River

that contributed the channel and stable water levels, although neither are

owned or maintained by the Corps.

Other recreational sites adjacent to Pool 1 are not directly affected

by Corps' operations.

Sport Fishing. Although precise data on sport fishing are not available,

attendants at each lock and dam make daily observations at 3:00 p.m. each day

throughout the year of the number of sport fishermen observed from their work

location. However, a considerable amount of fishing occurs also along the

riverbank although there are no figures presently to demonstrate this. Annual

data for the most recent years for which these records are available appear in

Table 45. The table shows a wide variation in sport fishermen observed from

Lock and Dam 1 since 1963. Because most sport fishermen observed from a lock

and dam are downstream from the dam, most of the fishermen seen from Lock and

Dam 1 are in Pool 2. Fishermen in Pool 1 -- as seen from Lower St. Anthony

Falls, show no noticeable pattern for the available data. Sport fishing in

Poolli occurs mainly just below Lower St. Anthony Falls to avoid the more

polluted downstream areas.

Sport fishing will increase in popularity because of a larger human

population, for instance as part of the planned 30,000 population for the

Cedar-Riverside Development, of improved water quality, thus more fish, and

of greater awareness of the resource among anglers.

i
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Table 45. Num:bcr of Sport Fishermen ()bserved Annually
by Attendants from Lock and Danm Sites at
Both Ends of Pool 1 on the Upper
Mississippi River, 1960 to 1970
(UMRCC, selected years)

Year Lock and Dam SAF Lock and DL-a i

1960 Not Available Not Available

1961 Not Available Not Available

1962 Not Available Not Available

1963 Not Available Not Available

1964 2,117 1,184

1965 Not Available Not Available

1966 Not Available Not Available

1967 963 1,108

1968 1,162 1,194

1969 1,344 1,428

1970 1,281 635

Note: Counts are made once each day at 3:00 p.m.
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Recreational visitation in Pool 1 is difficult to estimate since long

strip parks border much of the lower pool. These parks are open along their

entire length to use by residents in the vicinity as well as hikers and

visitors arriving by car and bus.

Cultural Impacts

The stable water levels of Pool 1 combined with a safe navigational chan-

nel makes it possible to maintain the Minneapolis Centennial Showboat near the

University of Minnesota and downtown Minneapolis.

I
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4. ANY ADVERSE ENVIRONMENTAL EFFECTS WHICH COULD NOT BE AVOIDED AS
THE PROJECT WAS IMPLEMENTED

Because the nine-foot channel project resulted in deepening of an existing

slackwater pool, the impacts of the present project were probably fewer than

in other pools. However, the effects of continuing maintenance dredging may

be greater by virtue of the limited area of floodplain and shallow-water

habitats in the unique gorge, and the location of the gorge in an area of high

recreational demand.

Pre-project impoundment lost 70 acres of islands; the nine-foot channel

project eliminated the last acre of island. The deepening of Pool 1 for the

nine-foot channel probably moved the head of the pool upstream. Thus, some

flowing-river organisms may have decreased in abundance.

Increase in pool elevation also inundated some of the terrestrial habitat

along the bluuf slopes. While the area of this dry land was probably small

compared with that of downstream pools, the area of natural terrestrial habitat

in the gorge was considerably less. Thus, the effect of this flooding may

be as great as it was in the downstream pools.

The large amount of sediment dredged annually per mile from Pool 1

suggests that the effects of dredging on aquatic ecosystems may be more in-

tensive than in other pools in the area. This may be especially true because

the sediment is actually dredged twice (see Section 1).

Field studics of clamshell dredging of fine sedii ent show that turbidity

is considerably increased nearly a mile downstream from a Minnesota River

dredging site. In Pool 1, although this effect may not be as extensive because

the sediments are somewhat coarser, the annual volume dredged per mile is

more than 40 times that of the Minnesota River. This turbidity has adverse

effects upon fish and bottom organisms. Furthermore, it has been reported

that dredged river bottom may take ten or more years before the clams return.
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Spoil sites take a similar length of time, depending at least upon soil

moisture which is a function of the height of the spoil pile. Presently there

are nearly 46 acres of spoil, most of it bare, erodable soil.

Spoil deposition may have agreater effect than in the downstream pools

because there is very little floodplain in Pool 1. Large spoil banks are

accumulating the narrow gorge, hastening its filling. These spoil banks

vegetate rather slowly, especially because of reuse of the sites, making them

higher and drier. This results in further smothering of the benthos and

reducing fish habitat.

At present, it is not known what proportion of the sediments originate

from upstream, and what erodes from the spoil banks in Pool 1. As the spoil

fills in the gorge, the channel narrows, probably becoming a representative

of the channelization occurring downstream and in St. Anthony Falls. Because

of its small size and large amount of sediment, the gorge may be filled in

more rapidly. Thus, the probably considerable aesthetic appeal of the present

gorge will be reduced. The fishing would probably decline, as would the

canoeing, crew rowing and sculling, and motor boating.

Although it may be questioned whether the Washington Avenue Terminal with

its unaesthetic piles of coal and pavement was "avoidable" or not, it intrudes

on the view of the river shared by thousands of nOrsons every day on the

Minneapolis campus of the University of Minnesota.

Commercial navigation increases the turbidity of the river and contributes

to bank erosion. At the same time, it also may detract from t .e aesthctic

quality. Discharges and spills from vessels and barge terminals would also

have a detrimental effect, particulaly on the arquaLic environrncnt. Ii w.ever,

studies are needed to determine the nature and extent of adverse effects of

these effluents.
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Other aspects of the nine-foot channel project possibly have relatively

minor adverse effects upon the natural environment of St. Anthony Falls.

Discharge from lock operations and turbulence form the dam spillway may cause

some increased riverbed and bank scour, and thus downstream turbidity and

sedimentation.

I
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5. ALTERNATIVES TO THE PRESENT OPERATIONS AND MAINTENANCE ACTIVITIES
AND FACILITIES

Several alternative methods of operating and maintaining the facilities

and channel are possible. The large amount of sediment dredged from the channel

in Pool 1 and the high aesthetic appeal of the gorge directs attention

particularly to the alternatives for channel maintenance.

Channel Maintenance

The first consideration should be the problem of spoil deposition in

Pool 1. The lack of room to continue spoiling in the gorge means one or

several environmentally less sensitive sites located elsewhere, especially

to be reused where it will not find its way quickly back to Pool 1.

Several alternatives exist where the spoil could be deposited and

available for reuse. Within Pool 1 and with slight modification, the spoil

could be accumulated at the Minneapolis municipal terminal. Another possible

site is the downstream edge of the area known as the "University Flats".

Next year, when the University's lease of the flats is to be renewed, the

Park Board should retain several acres (which may have been an old spoil site)

for spoil deposition. An access road is available. This spoil site could

also be used as a recreation area, for picnicking and sightseeing. Proper

screening with native vegetation of both spoil sites would reduce adverse

effects upon aesthetics.

Probably the best alternative spoil site would be a barge terminal alrendy

handling sand and gravel. This site would have the necessary equipment to

handle barged spoil and provide ready access to potential markets.

A preliminary study by the Bureau of Sport Fisheries and Wildlife, and a

comparison of Pool 1 sand with commercially available sand (Figure 62) suggests

that a potential market exists for Pool 1 spoil.

I
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Figure 62. Comparison of Sand from Several
Spoil Sites with Commercial Sand
(Gudmundson and Senechal, 1973)

Secondly, a small hydraulic dredge should be used, which would reduce

the turbidity. Water running off from the newly deposited spoil should be

held in a ssttling basin, then discharged when its turbidity matches that of

the river.

Thirdly, the spoil sites which are present could become aesthetically

more appealing and environmentally less damaging if efforts were made to

revegetate the spoil. Keeping contours low would spread revegetation of the

spoil because the roots would be closer to the water level. Alternatively,

by reducing the drying of the sand on higher spoil piles with some cover such

as a layer of wood chips or irrigation and by reseeding, erosion could be

reduced, vegetation increased, thus increasing wildlife. Riprapping the spoil

slopes exposed to the current with large blocks also would retard return of

Ai



-169-

this sediment to the river. Floating log booms anchored parallel to the

spoil banks would reduce displacement of the riprapping during the spring

ice breakup. Fish and waterfowl habitat also would be improved.

Lock Operation

The auxiliary (riverward) lock should be placed into operation as soon

as possible to facilitate passage of pleasure craft, which otherwise must wait

for long periods of time for commercial traffic.

Dam Operation

Dam I presently is an overflow dam: water passes over only at the crest

or through the hydroelectric plant. Thus, sediments are not carried downstrea

during high water, as is the case at most of the other dams. Dam 1 should be

modified with tainter gates so that the discharge of Pool 1 could, at times,

be shifted to the bottom of the pool. This probably would reduce the heavy

dredging load this pool requires. This sediment might then accumulate at the

St. Paul Barge Terminal, where fish, wilflife, and recreation resources would

be less affected. A large barge terminal is located nearby, and it handles

sand and gravel. In addition, or at least in lieu of modifying the dam, the

lock gates could be modified so that they can also discharge from the bottom

of the pool during flood water.

1
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6. THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT
AND THt MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

Establishment of the nine-foot channel in Pool 1 brought economic and

recreational benefits to local citizens, and probably to some plants and

other animals. Bowever, the facilities and operation and maintenance activities

have resulted in the alteration of a relatively rare geomorphic feature--a river

gorge--and loss of some of its productive natural habitat. Also, the navigation

channel has induced the conversion of other natural habitat to urban development.

SHORT-TERM USES.

During the life of the project, the growth of river transportation has

and will benefit segments of the economy. River-related jobs and businesses

may help forge a broader-based economy upon which to develop future economic

growth. Recreation and its economic benefits which come from the project

may have a wider appeal and facilitate more use of the gorge than the open

river may have.

ENHANCEMENT AND MAINTENANCE OF LONG-TERM PRODUCTIVITY

Development of commercial navigation on the Mississippi River in Pool 1

may have benefitted man's long-term economic growth, but also may have altered

or reduced natural productivity, although specific information is lacking.

The navigation channel resulted in increased water depth, dredging of the

river bottom and spoiling on the banks, and construction of navigation

facilities. It also stimulated development of commercial, industrial and

residential areas. Natural habitats have been altered by the changes brought

about by navigation, such as reduced riffle-communities, decreased shallow-

water communities, and decreased pollution-sensitive organisms.

1
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As sedimentation and dredge spoiling continue over a long perioa of

time, the inundated portion of the gorge will be buried and the pool reduced

to a narrow channel. Thus, some aesthetic and recreational benefits have

been and will continue to be lost. This loss may be partially offset by the

creation of additional terrestrial habitat which possibly could provide a larger

refuge for wildlife--and, in fact, for human beings--and greater accessibility

to the remaining gorge.

Terrestrial habitat has been lost also as a result of construction of

the locks and dam and the barge terminals. These terminals probably encouraged

construction along the river of other facilities not directly connected with

navigation. The increased run-off from developed areas such as these and

from other bare-soil areas increases erosion and further decreases biotic

productivity in Pool 1.

Creation and maintenance of the channel probably has disturbed the

natural river habitats on and near the channel sufficiently to reduce biotic

productivity. A single dredging or spoiling of a site requires ten or more

years to be repopulated. Continued disturbance possibly may alter the

physical environment to sufficiently extend this time.

Alternative land-use and maintenance practices could conceivably shorten

the time necessary for repopulation of a site and may begin a return of the

biotic productivity. Set-back of the businesses and terminals, except for

the actual loading-unloading facilities, and a central spoil disposal site

could result in a green along both banks. These and other erosion and sedimenta-

tion control measures probably could significantly reduce the adverse effects

of the nine-foot navigation project and related activities on the enhancement

and maintenance of the long-term productivity in Pool 1.
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Resource Implications for Socioeconomic Activities

The major resource implications of continuing to operate and maintain the

nine-foot channel in the St. Paul District are summarized in Table 46. Resource

implications; i.e., the costs and benefits of the project, for the industrial,

recreational and cultural components of the socioeconomic system are discussed

in sequence below.

Corps' Operations

The major first-order direct benefits associated with lock and dam opera-

tion and dredging operations are identified in Table 46. These include employ-

ment in lock and dam and dredging operations, maintenance of relatively stable

water levels in each pool, and the presence of a navigable nine-foot channel

in the St. Paul District. About 150 people are involved with lock and dam

operations in the district and about 75 with dredging operations; thus, about

225 people derive jobs and income directly from the Corps' operations. The

annual direct cost to taxpayers for lock and dam operations is $2,601,000

(FY 1970), and for dredging operations is $1,200,000. Specific environmental

costs of the stable water levels and the nine-foot channel in Pool 1 are an

increase in sedimentation behind the dam and a reduction in fish and waterfowl

habitat caused by improper dredge spoil placement. Implications of these

costs are discussed later in the recreation section.

Industrial Activities

As summarized in Table 46, the major direct impacts of the Corps' opera-

tions on industrial activities are barge operations and commercial dock

operations. Table 46 notcs that there are erployment implications for each

activity, but the benefits must be balanced against accompanying increases in

sedimentation, turbidity, and possibly other pollution in the river.

,!
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Of special importance in the current energy crisis are the answers to

two questions that relate to barge transportation: How efficient is barge

transportation compared with other modes of transportation with respect to:

1. Energy use?

2. Air pollution?

Because the answers have major resource allocation implications for the Upper

Mississippi River, these two questions are analyzed below in some detail. In

addition, savings in transportation costs caused by barge movements are

discussed.

Barge Transportation and Energy Use. Efficient energy use is particularly

important because of the present (and probably continuing) energy crisis.

Efficiency also affects levels of air pollution.

At present, transportation uses about 25 percent of the total United

States energy budget for motive power alone. This use has been increasing

at an average annual rate of about four percent per year.

In comparing the efficiency of energy use between various transportation

modes the term "energy intensiveness" is commonly used. Energy intensiveness

is defined as the amount of energy (in BTU's) consumed when one ton of freight

is carried one mile (one ton-mile). The following table compares the energy

intensiveness of various modes of freight transportation (Mooz, 1973):

Transportation Energy Intensiveness
Mode (BTU's/ ton-m le) Ratios of E.I.

Waterways 500 1

Rail 750 1.5

Pipeline 1,850 3.7

Truck 2,400 4.8

Air cargo 63,000 126.

I
I
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It is apparent, from the above table that waterways are more efficient than

any other mode of freight transportation. Therefore, under conditions of

restricted availability of petroleum, the use of barges wherever feasible

should be encouraged. Indeed, increased commercial use of the Upper Mississippi

River and its tributaries is likely. This will be further influenced by

increased shipments of grain out of the St. Paul District and increased imports

of coal and petroleum products into the region. Exports of grain to other

countries and shipments to other parts of the United States are expected to

increase. ENergy demands in the Upper Midwest are also expected to rise.

In addition, companies whose freight is now only infrequently involved in

barging may shift from other forms of transportation to the less energy-

intensive waterways. This shift may also be expected to change existing

concepts of the kinds of freight suitable for barging with consequent impact

on storage facilities. In many cases, economic trade-offs may exist between

the mode of transportation and the size of inventories considered to be suitable.

If the energy costs rise sufficiently, more capital will be needed because of

the sloWer 7moving barge transportation and larger inventories and storage

space. If this occurs, other kinds of cargoes presently shipped by rai. or

truck or pipeline may be diverted to barge.

In addition to energy conservation, the importance of the Upper Mississippi

River as a transportation artery is shown by the burden which would be placed

on the rail system (as the major alternative transportation mode used to move

heavy, high-bulk coimodities) in the absence of barge traffic on the river.

In 1972 an estimated 16,361,174 tons of various commodities were received and

shipped from the St. Paul District. Uader the simplifying assumption that the

average box or hopper car carries 50 tons, this amounts to the equivalent of

327,223 railroad cars, or some 3272 trains of 100 cars each, or approximately

nine trains each day of the year.

Barge Transportation and Air Pollution. Barge transportation also results

in less air pollution per ton-mile than either rail or truck modes. Diesel

engines are the most common power plants used by both tugboats and railroads.
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A large percentage of long-haul trucks use diesel engines as well. The diesel

engine is slightly more efficient than the gasoline engine because of its

higher compression ratio. Thus, less energy is used to move one ton of freight

over onemile by diesel than by gasoline engines. Among users of diesel engines,

barging is more efficient than either rail or truck, as we have seen.

Consequently, a smaller amount of fuel is required to move freight. With less

fuel used, air pollution is reduced.

The concentration of air pollutants emitted from combustion of diesel

fuel versus gasoline varies substantially. The following table illustrates

these different concentrations (U.S.P.H.S., 1968):

Emission Factor
Pounds/1000 Pounds/1000

Type of Emission gallons diesel fuel gallons gasoline

Aldehydes (R-CHO) 10 4

Carbon monoxide (CO) 60 2300

Hydrocarbons (CxHy) 136 200

Oxides of Nitrogen (NO2) 222 113

Oxides of Sulfur (SO2) 40 9

Organic Acids (acetic) 31 4

Particulates 110 12

Based upon the energy intensiveness ratios shown earlier, a diesel train

will produce 1.5 times as much air pollution and a diesel truck, 4.8 times as

much air pollution per ton-mile as a tug and barges. In any event, no matter

which kind of pollutant is of concern in a particular case, the efficiency of

barging compared with other modes of freight transportation will result in

reduced air emissions per ton-mile.

Barge Transportation and Cost Savings. A further benefit which can be

attributed to the maintenance of navigation on the Upper Mississippi is in the

savings in transportation costs, particularly for bulk commodities. Estimates
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of these savings have been made. One of these estimates the savings over the

other various least-cost alternatives of between 4.0 and 5.4 mills per ton-

mile (UMRCBS, 1970). It is generally recognized that bulk commodities,

particularly those having low value-to-weight ratios, are appropriate for barge

transport. Coal, petroleum, and grain that have these characteristics are

examples of such commodities that originate, terminate, or move through.the

St. Paul District pools on river barges.

Recreational Activities

Table 46 identifies the variety of recreational activities--from boating

and sport fishing to sightseeing and camping--that may be helped or hindered

by Corps' operations. Ideally, it would be desirable to place dollar values

on each of the benefits and costs to the recreational activities cited in

Table 46 to weigh against the benefits of barge transportation made possible

by maintaining the nine-foot channel. Unfortunately, both conceptual problems

and lack of precise data preclude such an analysis. The nature of these

limitations can be understood by (1) looking initially at a theoretical approach

for measuring the benefits and costs of recreational activities, and (2) apply-

ing some of these ideas to the measurement of only one aspect of all recrea-

tional activities--sport fishing.

Benefits and Costs of Recreational Activities. Theoretical fram works

exist to perform a benefit-cost analysis of a recreation or tourism activity.

One example is a study prepared for the U.S. Economic Development Administra-

tion (Arthur D. Little, Inc., 1967). Unfortunately, even this example closes

with a "hypothetical benefit-cost analysis of an imaginary recreation/tourism

project" that completely neglects the difficulty of collecting the appropriate

data.

Applying even this theoretical framework to the nine-foot channel project

presents both conceptual and data collection problems. For example, continuing
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to operate and maintain the nine-foot channel may hurt sport fishing because
of the reduction in fish habitat. This means that the total value of sport

fishing in the river should not be considered in the analysis. Rather, only

the incremental increase or decrease in sport fishing attributable to present

Corps' operations (not caused by the initial lock and dam construction) should

be weighed against those operations; no estimates are presently available to

assess the effect of current Corps' operations on fish and wildlife. Also,

reduced fishing and waterfowl habitat may become an increased terrestrial

habitat. What the fisherman loses the hunter, trapper, or birdwatcher

may gain.

This raises a second difficulty: How does one measure the total value of

sport fishing on the river in order to start to measure the incremental portion

attributable to Corps' operations? For sport fishing, various measures have

been identified, each having its ovn drowbacks (Clawson and Knetsch, 1966):

gross expenditures by the fishermen, market value of fish caught, cost of

providing the fishing opportunity, the market value as determined by comparable

privately owned recreation areas, and the direct inverview method--asking

fishermen what hypotetical price they would be willing to pay if they were

to be charged a fee to fish.

If some average price per fisherman or trip were available, it still would

be possible to assess the total value of sport fishing in the study area onzy

if estimates of the number of sport fishermen or number of sport fishing trips

were avilable. In the St. Paul District these estimates are available through

sport fishery surveys for only three pools: Pool 4, Pool 5, and Pool 7. The

most recent data available for these pools are for the 1967-68 year (Wright,

1970); comparable data for 1972-73 have been collected, but are not expected

to be published in report form until about December 1973.

Valuing Sport Fishing in the Study Area. A variety of studies have been

done on recreation and tourism in Minnesota and the Upper Midwest during the

past decade (North Star Research Institute, 1966; Midwest Research Institute,

I
[ I.
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1968; Pennington, et al., 1969). For purposes of analyzing sport fishing and

other recreational activities on the Upper Mississippi River, however, they

have a serious disadvantage; these studies are generally limited to

recreationers who have at least one overnight stay away from home. In the

case of the St. Paul District, with the exception of campers and boaters on

large pleasure craft with bunks, virtually all river users are not away from

home overnight and are omitted from such studies.

Information is then generally restricted to that available in the UMRCC

sport fishing studies such as those shown below for 1967-68 (Wright, 1970):

Total Number of Value at $5.00 Value at $1.50
Pool Number Fishing Trips per Trip* per Trip**

4 169,361 $846,805 $254,042

5 51,786 258,930 77,699

7 63,238 318,190 94,857

*Based on data reported in the "1965 National Survey of Fishing and Hunting"

that the average daily expenditure for freshwater sport fishing was $4.98
per day.

**Based on data in Supplement No. 1 (1964) to Senate Document 97 that provides

a range of unit values of $0.50 to $1.50 a recreation day for evaluating
freshwater fishing aspects of water resource projects.

Thus, the sum of the values of sport fishing given above for these three pools

varies from about $0.4 million to $1.4 million aepending upon the valuation of

a fishing trip. Assuming one of these values were usable, the researcher is

still left with the task of determining the portion (either as a benefit or

cost) of Corps' operations. With the limited funds available for the present

research and the limited existing data, detailed analysis is beyond the scope

of the present study.

Similar problems are present in evaluating the other recreational

activities in the study area.

'I
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Cultural Sites

No attempt has been made in the present study to place dollar values on

archaeological, historical, or cultural sites damaged or enhanced by Corps'

operations. Rather, such sites have merely been identified, where existing

data permit.

I
I
I
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7. ANY IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES WHICH HAVE
BEEN INVOLVED IN THE PROJECT SINCE IT WAS IMPLEMENTED

The.4onstruction of navigation facilities and continuing channel maintenance

in Pool 1 required the irretrievable commitment of human and natural resources.

Fossil fuel, labor, concrete, steel, lumber, and equipment resources were

committed to the construction of Lock and Dam I and its appurtenant structures.

There is a continuing commitment of labor, electric power and equipment resources

to the annual operation and maintenance of these structures.

The annual maintenance dredging of the nine-foot channel in Pool 1 also

consumes fossil fuel and labor as well as the commitment of wear and tear on

vessels and equipment.

Some natural resources were and continue to be irreversibly committed to

the nine-foot channel project as well. The greatest commitment is that part

of the gorge which is now filled with water and sediment. More natural

resources are committed as spoil is deposited along the channel. Only a

return to the open, flowing river may allow erosion to broaden the gorge

somewhat.

The sites on which Locks and Dam I were constructed removed natural

river bottom and riverbank habitat. Further, riverbank as well as blufftop

habitat was converted to barge terminals and storage facilities which are

dependent upon the nine-foot channel.

The free-flowing river and numerous islands flooded when the dam was

constructed for the six-foot channel, might return if the dam were opened

(breached). However, chnnnelization of the Mississippi may have reduced

the assemblage of species characteristic of large free-flowing rivers to

make their comeback unlikely.I
I
I
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Spoiling of dredged material is decreasing river bottom habitat and

altering terrestrial habitat as well. Habitat reduction has decreased popula-

tions of some game fish, ducks and mannals in Pool 2 and perhaps in Pool 1

also. Spoiling in Pool 1 is also decreasing the size of the pool in the gorge,

thus reducing the area available for riverborne recreation.
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8. RECOMMENDATIONS

Certain studies should be conducted to determine specific adverse effects

and alternative methods of operation and maintenance of the nine-foot channel.

FOR LONG-TERM BENEFITS TO NATURAL AND CULTURAL SYSTEMS

1. Investigate thoroughly the physical, chemical and biological

(bacteriological) properties of spoil from each currently active

dredging site in the pool in order to assess its value for reuse

and more precisely analyze its limitations.

2. Pursue study of market potential and reuse of spoil as suggested

by BSFW study (1973), using detailed analyses above. This is the

only long-range solution to the detrimental impacts of spoiling.

It may also reduce the need for dredging.

3. Investigate in detail damage presently occurring to natural systems

in the pool as a result of spoil deposition-erosion.

4. Study effects of turbidity on aquatic organisms and waterfowl,

especially in the lower reach with fine sediments.

5. Determine the best method of barging spoil to central terminal and

rapid method of unloading to eliminate impact on sensitive natural

habitats of value. If the effort to find commercial and private

uses for the dredged sediment should fail, alternative spoil sites

should be located in Pool 2 or St. Anthony Falls Upper Pool.

However, it should be recognized that these are only short-term

solutions to a constant long-term problem.

6. Study the sources of sediment to Pool 2 in order to locate and

eliminate (or at least reduce) primary sources.

7. Study to detenine better methods and/or equipment to dispose of

spoil, such as at a central redistribution terminal fo sale or

reuse out of the floodplain.

i
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8. More detailed surveys should be made of the populations of fish and

benthic organisms in Pool 1. An assessment should be included of

the degree of sensitivity of natural systems in Pool I to dredging

and spoiling operations. Corollary studies should be made on the

enhancement of existing spoil sites for aquatic organisms and

waterfowl.

9. Improve design of the Dredge Thompson cutterhead to reduce turbidity

during dredging operations.

10. Experiments should be conducted to determine the best method of re-

ducing erosion of spoil sites, including revegetation and riprapping

or diking. Such studies should consider enhancement of the spoil

sites to accomodate the probable future increase in recreation in

the gorge caused by the development of the high-density Cedar-

Riverside community. The Corps of Engineers probably could thereby

make a considerable contribution toward realizing the recreation

potential in this pool. Revegetation in the manner shown in

Figure 63 would help retard wind and water erosion.

Improve arrangement of varigation charts. Rearrange them to begin

with the head of navigation so they can be read in even sequence

from one river mile to the next in either downstream or upstream

direction.

- '
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Figure 63. Recommended Alternative Method of
Revegetating Spoil Sites. The screens
of natural vegetation are prependicularj to the current (Colingsworth and Gudmundson)
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12. On the lock guidewall, orient signs perpendicular to the course of

navigation so that directions for small boaters can be read as the

boat approaches the guidewall within the navigation channel.

13. Investigate ways to operate with a narrower channel such as

legislation requiring river pilots to be properly trained and duly

licensed, and embedding a sonar guidance device on difficult curves.

14. Formulate plan and implement to eventually remove all facilities

and structures from floodplain, except thosc that can withstand

flooding with no protection, so that natural system may return to

enhance the riverscape and all urban structures are out of danger.

15. Study of fish, clam, etc., migration and devise ways to enhance it

at Lock and Dam 1.

16. Conduct a survey of future land use needs and potential of this

reach of Mississippi Valley similar to that being done for the

St. Croix Valley.

17. Develop and implement plan to use natural vegetation to space

terminals between natural areas and reduce to a minimum the terminal

facilities. Encourage structures and stockpiles be located outside

the floodplain or at least at highest levels of the floodplain.

18. Study measures to revegetate levees, which are biological deserts

which block access to the river and are aesthetically displeasing.

19. Paint the barges in more attractive colors. This would make them

more easily seen at twilight and improve aesthetics compared with

the present rusty brown.

20. Repair auxilliary lock for use by pleasure boats, especially because

this traffic is likely to increase as uater quality improves in

Pool 1 and as the St. Anthony Falls area is redeveloped (see

Minneapolis Plan. and Developmt., 1972).

I
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9. APPENDIX A: NATURAL SYSTEMS

I. METHODS OF DATA COLLECTION

Methods for Collecting Samples

Biological Measurements

Benthic organisms were sampled using a Petersen (rarely, Ekman) dredge.

Vegetation cover, in acres, was determined by planimetry from aerial photos,

vith subsidiary ground investigations to identify species, and to determine

abundance, age and growth rate. Both quadrat (percent cover of herbs, etc.

in one square meter) and point quarter methods (for trees) were employed.

F QUADRAT POINT QUARTER
percent cover percent frequency

of each species A* of tree species
reported reported

Measurement of Physico-chemical Parameters

Temperature was measured by a thermister and a Precision Scientific

Instruments meter, standardized to a precision mercury thermometer

(APHA et al., 1971).

Dissolved oxygen was measured using a galvanic cell-type probe and a

Precision Scientific Instruments meter, standardized to the Winkler

titrbleon, azide modification (APRA et al., 1971).

Turbidity-was measured by nephelometry using a Horizon Ecology, Inc.

nephelometer Model 104 (APHA et al., 1971).

Water depth was measured with sonar using a Heathkit Electronics

Company Model MI-101-2.

Slope angle was measured using an instrument made at North Star Research.

Light penetration (transparency) was determined by suspending a 20 cm.

Secchi disc with a marked cord (Golterman, 1970) in the water.

. . ..I. . .
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II. MAP OF POOL 1 AND TRANSECT LOCATION

The map of Pool 1 (See Figure 1) shows the location of sampling stations

along "standard" and "special" transects. Standard transects are surveyed

lines which cross the river at a right angle in each pool and are chosen to

sample its broad environmental diversity. They extend from bluff to bluff

and include bluff slope, river banks, marsh, open river and river bottom.

However, on long transects most of the sampling effort will be concentrated

on the smaller area between the railroad tracks on each side of the river.

Standard transect AA is located about 1/4 mile downstream from the upper dam,

the area most river-like and perhaps least modified by impoundment; transect

BB is located near mid-pool (See Figure 2) close to the primary control point,

often the marsh zone; and transect CC is located 1/4 mile upstream from the

lower dam in the deeper, lake-like region.

Similarly, special transects (XX,YY)were used to study features of

particular interest, such as the mouths of major tributaries, previously

studied sites, and spoil sites. The azimuth (compass direction, using N as

0 and E as 90 degrees) and other pertinent data is given in Table 1.

Sampling stations were located along these transects, and clustered

mainly in areas of transition between types of habitat such as shallow stump

field to deeper river channel and forest to bare sandy soil.

In order to gather more detailed information within some habitats, "secon-

dary" transects were located perpendicular to the standard or special tran-

sects. Sampling stations were located ramdomly along these secondary

transects.

Sampling Frequency

Field data to corroborate and expand the aerial survey of the terrestrial

vegetation was completed in October.

I
I
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Figure 1. Map of Pool 1, Mississippi River Mile

847.6 to 853.3 (USGS, 1967).
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Table 1. Description of Transects.

Pool; River Transect

Pool Mile Above Length
Length Transect Designation Cairo, IL Azimuth in Miles Azimuth target, Location

USAF Standard Transect UAA 858.9 86* .15 SW corner of Minneapolis Water Works Bldg.
3.6 Standard Transect UBB 855.7 278' .13 Line up downstream legs of tower for high volt-

age line.

Standard Transect UCC 854.4 52* .31 Line up with D/S face of old limestone apt. bldg.
LSAF
0.6 Standard Transect LBB 853.4 175" .15 Mooring cell ladder on R/B nearest lower L/D.

Pool 1 Standard Transect lAA 853.1 28* .15 Center of high-rise apt. bldg. on R/B.
Special Transect IXX 851.1 39* .21 Gov't.daymark Mile 851.1; on spoil on L/B

Standard Transect IBB 850.6 46" .15 Vertical seam on Platteville L.S. on left bluff

Special Transect IYY 849.4 99, Oval pipe opposite; on R/B spoil downstream from

Lake St. Bridge. Mid-stream azimuth 35* to WMIN
radio tower, L/B.

Standard Transect 1CC 848.0 86* .20 Line up downstream face of high-rise apt. tower on

L/B (720 River Terrace).

Pool 2 Standard Transect 2AA 847.4 263* .15 Chimney on nnrth wing (with whiteround porch of

32.4 N Soldiers' Home Bldg.

Standard Transect 2BB 831.7 264* 1.10 Gov't. (USCG) daymark Mile 831.7 R/B

Special Transect 2YY 821.3,R 54
°  

1.10 Tall smokestack right of L/ water tower;
transect runs from mid-channel to R/B, sampled by
Hokanson in 1964.

Standard Transect 2CC 815.5 52
°  

1.00 Tip of peninsula which extends 0.35 mi. upstream
4D #2.

Special Study Area 833.2,R 54* - Mi. 833.1 Gov't daysark, 22?-yr-old R/B spoil site

Special Study Area 832.0,L 2560 - Tower for high voltage line on R/B, 8?-yr-old

spoil site 4B.

Special Study Area 827.7,R 85* - Gov't daymark Mi. 827.7, 2?-yr-old spoil site

Minn. R. Standard Transect MAA M24.8 347* 1.00 Second bend above Shakopee (US 169) Bridge
26.4 Standard Transect MBB M13.0 335o 1.05 Gov't. daymark, Mile 12.5

Standard Transect MCC M3.0 1280 .90 Gov't. daymark, Mile 2.9

St. Standard Transect SAA SC24.8 3050 .50 White bldg., right bank.
Croix
River Special Transect SYX SC16.6 85* .50 Upstream edge of bldg. at Lakefront Park.

25.0 Standard Transect SB8 sC12.3 ill* 1.05 Road coming down bluff to beach.

Special Transect 5YY SC 6.4 291* .38 Shallow dip in tree line on right bank

Standard Transect SCC SC 0.7 859 .90 Fence marking upstream boundary of public beach on
left bank.

.. .1 0 i M ION.
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Benthic samples were collected in April, and May and again in August

and September. Water quality data was collected in September and early No-

vember.

III. SUMMARY OF DATA COLLECTION POINTS AND TIMES

Benthic (bottom) grab samples were taken on all standard and special

transects during the months of April and May and in August. Sediments were

washed out using a 707 standard mesh screen, and organisms preserved. Iden-

tifications were made by Mr. Daniel Maschwitz, graduate student in the Depart-

ment of Entomology, Fisheries and Wildlife, University of Minnesota.

The width of vegetation zones intersected by the transects was measured

and one meter square quadrats and/or point quarter stations were used to de-

termine the abundance of plant species. Plant species identifications were

made in the field, and checked by Dr. Gerald Ownby, Curator of the Herbarium,

Department of Botany, University of Minnesota.

Field data and pertinent data from the literature are presented on data

sheets in Appendix A,IV,

IV. DATA SHEETS

Table I. Abundance of Plants Found in the River Valleys.

Table 2. Vegetation of Floodplain and Bluff Habitats (Cooper, 1947).

Table 3. Vegetation of Spring Lake Area (Leisman, 1959).

Table 4. Birds of the Minneapolis-St. Paul Area (Dodge, et al., 1971).

Table 5. Water Quality of the Mississippi River Measured at Intake of
the Minneapolis Water Works in Fridley.

Table 6. Turbidity, Temperature and Dissolved Oxygen in the SAF, Pool 1
and 2 in the Mississippi River, and in the lower Minnesota
River, November, 1973.
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Table 7. Downstream Profile of Turbidity and the Effect of Dredging and
Navigation, 1973.

Table 8. Benthic Animal Abundance.

Figure 1. Annual Volume of Sediment Dredged Within Each River Mile of
the Minnesota River, Arranged by Decade (S.P.D.-NCS, 1973).

figure 2. Daily Mean Flow of the Mississippi River at the Gaging Station
Near Anoka, Minnesota During a Two Year Period (EPA).

Figure 3. Seasonal Changes in Temperature Measured at Station 1 Mile
856.8 on the Mississippi River During a Two Year Period (FWPCA).

Figure 4. Seasonal Changes in the Dissolved Oxygen Measured at Station 1
Mile 856.8 on the Mississippi River During a Two Year Period
(FWPCA).

Figure 5. Seasonal Changes in the Dissolved Oxygen Measured at Station 2
Mile 826.6 on the Mississippi River During a Two Year Period
(YWPCA).

Figure 6. Seasonal Changes in Specific Conductance Measured at Station 1
Mile 856.8 on the Mississippi River During a Two Year Period
(FWPCA).

Figure 7. Seasonal Changes in pH Measured at Station 1 MIle 856.8 on the
Mississippi River During a Two Year Period (FWPCA).

i



A-8

Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area

(P - present; X - moderate; D - dominant)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Trees and Shrubs

ACERACEAE

Acer negundo
Box elder P P P P P P P P P P

Acer nigrwn
Black maple

Acer rzubru'n
Red maple P

Acer sacaharinzn
Silver or soft maple P P P P

Acer saccharwon
Sug~ar or hard maple P P P

Acer spicatwn
Mountain maple

Acer sp.
Maple P

ANACARDIACEAE

Rhus glabra
Smooth sumac P

Rhue radizcans
Poison ivy

Rhus typhina
Staghorn sumac p p P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC
Trees & Shrubs (cont'd.)
BETULACEAE

Alnus incana
Speckled alder

Betula papyrifera
Paper birch P P P P P P

Carpinus caro Ziniana
Blue beech or
hornbeam

Ostrya virginiana
Ironwood or hop P P P
hornbeam

CAPRIFOLIACFAE

Diervitla Zon'ncera
Bush honej "u-kle

Lonicera proij" era
Grape honeysuckle

Lonicera to rica
- Tartarian honeysuckle P

Sambucus canadensis
Common elder P

Sambucus pubens
Red-berried elder P P

Symphoricarpos occidentalis
"Wolf berry

Symphoricarpos orbiculatus
Coralberry

Viburnum cassinoides
Wild raisin

CELASTRACEAE

Ceiastrus scamdens
Climbing jittersweet

- . .... -, - I 'I _
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Transect: AA BB CCBB AA BB CC AA BB CC AA BB CC AA BB YY CC

Trees.& Shrubs (Cont'd.)

CORNACEAE

Cot'ns alternifolia
Alternate- leaved
dogwood

Cornue racemosa
Panicled dogwood

Cornus stolonifera
Red-osier dogwood

CUPRESSACEAE

Juniperus virginiana
Red cedar P P P

Thuja occidenta lis
White cedar

FABACEAE (LEGUMINOSAE)

Amorpha fruiticosa
False indigo P

Robinia pseudo-acacia
Black locust P P

FAGACEAE

Quercus alba
White oak

Quercus macrocarpa
Bur oak or mossycup P
oak

Quercus borealis
Northern red oak P P PP

Quercue vetutina
Black oak P

Quercu8 sp.
Oak P

SI
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA.BB CC AA BB CC AA BB.CC AA BB YY CC

Trees & Shrubs (Cont'd.)

JUGLANDACEAE
Carya cordi formis

Bitternut hickory P P

LEGUMINOSAE: see FABACEAE

MORACEAE

Morus rubra
Red mulberry P

OLEACEAE

Fraxinus nigra
Black ash P P

Fraxinus pennsy Ivaica
var. subintegerrima

Green ash P P P

fraxinus sp.
Ash P P P P P P P

PINACEAE

Larix iaricina
Tamarack

Picea canadensis
White spruce

Pinus resinosa
Red pine P

Pinus strobus
White pine P

i
I
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Table 1 Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

- SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Trees & Shrubs (Cont'd.)

ROSACEAE

Amelanchier huronensis
Service-berry,
Shadbush)

AneZanchier spp.
Juneberry

Oataegus spp.
Thorn-apple

Physocarpus opu lifo lius
Ninebark

Prunus aericana
Wild plum

Prunus pensy lvaica
Pincherry

Prunus serotina
Black cherry P

Prunus virginiana
Choke-cherry P

SALICACEAE

Populus deltoides
Cottonwood M D P P P P P P P P P P P

Populus grandidentata
Bigtooth aspen P P

Populus balscwifera
Balsam poplar P

Populus tremuloides
Quaking aspen P P

PopuZus sp.
Aspen PI

,I
I
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

-SAF Minn. St. Croix

Pool: Upper Lower 1 2 River -River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Trees & Shrubs (Cont'd.)

SALICACEAE (Cont'd.)

Salix alba
White willow P

Salix amygdaloides
Peach-leaved willow P P P

SaZix humiiis
Small pussy-willow

Salix interior
Sandbar willow P P P P P P P P P M

Salix nigra
Black willow

SaZix spp.
Willows

TAXACEAE

Taxus canadensis
Yew P

TILIACEAE

Tilia americana
American basswood P P P P

ULMACEAE

Celtis occidentalis
Hackberry D

Ulmus americana
American elm P r P P P P P P P

Ulmus pwiZa
Dwarf elm P Pp P

I "
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Minn. St. Cro'ix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Trees & Shrubs (Cont'd.)

ULUACEAE

Ulmus rubra
Slippery elm P D P

U~mus sp.
Elm P P P P P p

Vines (lianas)

VITACEAE

Parthenocissus quinque-
folia

Virginia creeper P P P P P P P

Vitis ripazia
Riverbank grape P D P P P P P

Herbs

AIZOACEAE

Moilugo verticillata
Carpetweed

ALISMACEAE

Sagittaria sp.
Arrowhead

AMARANTHACEAE

Amaranthus tamarincusI (or tuberculata)
Amaranth P P p P

APOCYNACEAE

Apocynzun androsaemifo Ziwn5 Dogbane D

I
.1
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Table 1 . Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

ARACEAE

Arisaema triphylum
Jack-in-the-pulpit

Spathyema foetida
Skunk cabbage

ARALIACEAE

Aralia nudicaulis
Wild sarsaparilla

Panax quinquefolius
Ginseng

Panax trifolius
Dwarf ginseng

Hedera helix
English ivy P

ARISTOLOCHIACEAE

Asarum canadense
Canadian wild ginger P

AS CLEPIADACEAE

Asclepias exaltata
Tall milkweed

Asclepias ovalifolia
Oval-leafed milkweed

Asclepias syriaca
Common milkweed P P P

Asclepias tuberosa
Butterflyweed

AecZepias verticillata
Whorl-leaved milkweed

!1
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAFMinn. St. Croix

Upper Lower 1 2 River RIver

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

BALSAMINACEAE

Imipatiens sp.
Jewelweed P P P P

BORAGINACEAE

Hacke ha virginiana
Beggar's lice

Lappula redowskii
Stickseed

Lit hospeynum canescens
Puccoon, Indian-paint

Lithospermam care linense
Puccoon

Lithospermum inciswn
Puccoon

Onosmodium mc lie
Marble-seed, False
gromwell

MY080stis sp.
Forget-me-not P

CAMPANULACEAE

Ccwpanula rotundifo ha
Harebell

Lobelia sp.
Lobelia P

CAPPARIDACEAE

Polanisiz trachysperna
* Rough-seeded

clamyweed p

-- W i O
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

CAPRIFOLIACEAE

Triosteum perfoli'atwn

Horse-gentian

CARYOPHYLLACEAE

Cerastiwn arvense
Field chickweed

Cerastium nutans
Nodding chickweed

Cerastium vulgatum
Conxnon mouse-ear
chickweed P

Saponaria officinalis
Soapwort, Bouncing bet

Stellaria aquatica
Water chickweed

CERATOPHYLLACEAE

Ceratophy Zlwn demerswn
Coontail

CHENOPODIACEAE

Chedopodium albwn
White pigweed P

Chenopodium
gigantospermum

Pigweed P

Corispermtn hyssopi fo lir
Hyssop-leaved pigweed p

Cyclolna atriplicifo liwn
.Winged pigweed P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Minn. St. Croi~x
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AABB CC AA BB YY CC

Herbs (Continued)

CISTACEAE

lie lianthemwn bickneZlii
Frostweed

COMMELINACEAE

Trades cantia bracteata
Bracted spiderwort

Tradescantia occidentaZis
Western-Spiderwort

COMPOS ITAE

Achilisa millefolium
Yarrow

Ambrosia artemnisiifolia
Common ragweed P P P

Ambrosia sp.
Ragweed P P

Antennaria plantaqini.-
folia

Pussytoes

Anthemvs cotula
Mayweed

Aratiwn minus
Burdock

Artemisia biennis
Biennial wormwood P P P

Aster novae-cmai lae
New England aster P

Aster spp.
Aster D P P PP P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAFMinn. St. Croix

-Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AABB CC AA BB YY CC

Herbs (Continued)

COMPOSITAE (Continued)

Bidens beckii
Water marigold

Bidens connata
Deggar's ticks

Bidens sp.
Bur marigold P P P P

Carduus nutans
Musk thistle

Cirsiwul cwvense
Canada thistle P P P

Crepis tectorum
Hawk's beard

Em-igeron annuus
Daisy fleabane P P P

Erigeron canadensis
Hors eweed P

Erigeron phi lade iphicus
Fleabane p

Erigon pulohellus
Robin's plantain

Erigeron strigosus
White-top

Eupatoriwnm maculatun
Joe-Pye weed

Eupatoriun perfolicztwn
Thoroughwor t

Eupatoriwn ruqosurn
White snakeroot D P P P P P P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC BB YY CC

Herbs (Continued)

COMPOSITAE (Continued)

Grindelia squarrosa
Curlycup-gumweed

Helianthus occidentalis
Western sunflower

Helianthus petiolarus
Petioled sunflower P

Hetiopsis helianthoides
Ox-eye P

Krigia biflora
Dwarf dandelion

Lactuca sp,
Lettuce P P P P P

Prenanthes alba
Rattlesnake root

Ratibida pinnata
Conef lower

Rudbeckia hirta
Black-eyed Susan

Senecio pauperculus
Ragwort

Senecio plattensis
Ragwor t

Silphium perfoliatum
Cup-plant, Rosinweed

Solidago altissima
Tall goldenrod P

SoZidago flexicaulis
Zig-zag goldenrod

41
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

COMPOSITAE (Continued)

Solidago gigantea
Giant goldenrod P

Sotidago graminifoZia
Grass-leaved goldenrod

SoZidago nemoralis
Gray goldenrod

Solidago so.
Goldenrod P P P P P P P P P P P

Taraxacwn of ficinale
Dandelion P P PP P Pp P

Vernenia fasciculata

Western ironweed P

Xanthiwn italicum
Common cocklebur P P P P P P P

CRUCIFERAE

Berteroa incana
Hoary alyssum

Brassica nigra
Black mustard

Cardamine pensy Zvanica
Bitter cress

Hesperis matronalis
Dames violet

Lepi lium virginicum
Poor-man's pepper P

Nasturtium officinale
Watercress P
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Table 1 Abundance of Plants Found in the River Valleys

in the Twin Cipies Area (Continued)-

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

CRUCIFERAE (Continued)

Rorippa islandica
Icelandic yellow
cress

Rorippa obtusa
Obtuse yellow cress

Unidentified sp. P

CUCURBITACEAE

Sicyos angulatus
Bur-cucumber P

CYPERACEAE

Carex aenea
Sedge

Carex annectens
Sedge

Carex cephalophora
Oval-headed sedge

Carex comunis
Sedge

Carex stenophyIla
Involute-leaved
sedge

Carex laxiflora
Sedge

Carex lurida
Sedge

Carex meadii
Sedge



A-23

Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

CYPERACEAE

Carex normalis
Sedge

Ccwex sartwe lii
Sartwell's sedge

Carex stipata
Awl-fruited sedge

Carex umbellata
Sedge

Carex vulpinoidea
Fox sedge

Cyperus filiculmis
Galingale

Cyperus inflexus
(or aristotus)

Awned cyperus p p

Cyperus orbiculari
Galingale P

Cyperus schweinitzii
Galingale

cypeius sp.
Galingale p

Eleocharis palustris
Spike-rush

Hemicarpha micrantha
Least hemicarpha p

Scirpus americanus
Sword grass

I
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

CYPERACEAE

Scirpus atrovirens
Georgian bulrush

Scirpus cyperinus
Woolgrass

Scirpus rubrotinctus
Bulrush

Scirpus validus
Giant bulrush

Unidentified sp. P P P

DIOSCOREACEAE

Dioscorea villosa
Wild yan

EQUISETACEAE

Equisetum arvense
Field horsetail P D P P P P

.Equisetwn hyemale
Scouring rush

Equisetwm pratense
Meadow horsetail

EUPHORBIACEAE

Euphorbia corollata
Flowering spurge

Euphorbia cyparissias
Cypress spurge

2
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Table I • Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC hA BB YY CC p

Herbs (Continued)

EUPHORBIACEAE (Continued)

Euphorbia esula
Leafy spurge P P P

Euphorbia sp.
Spurge P P

Euphorbia glyptosperma

Engraved-seed spurge

Euphorbia nutcms
Eyebane

FABACEAE (LEGUMINOSAE)

Anvrpha canescens
Prairie lead-plant

Astragalus crassicarpus
Ground plum

Medicago lupulina

Black medick P P
Melilotus alba

White sweet clover P M P D P P P

PetaZostemn candidum
White prairie clover

Vicia cracca
Tufted vetch

Vicia villosa
Hairy vetch

GERANIACEAE

Geraniwn spp.
Wild geranium P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

GUTTI FERAE

Nypericum sp.
St. John's-wort P

GRAMINEAE

Agrostis palustris
Creeping bentgrass P

Boute loua curtipendua
Side-oats grama

Calamagrostis canadensis
Reed bentgrass P

Echinochloa sp. D P P p p

Elymus canadensis
Canadian wild rye P P

Elymus virginicus
Virginian wild rye P

Eragrostis hirsuta
Hairy love-grass P P D

Eragrostis hypnoides
Creeping love-grass D

Eragrostis pectinacea
Pursh's love-grass D P M P

Glyceria crondis
Reed meadow-grass

Glyceria striata
Fowl meadow-grass

Ponicwu capillare
Witch grass M P P P P

Panicwn depauperatum
Panic grass

I
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Table. 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species: Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

GRAIINEAE (Continued)

Panicn dichotomifZlorwn
Spreading witch grass P

Panicwn virgatn
Switch grass P

Phajaris arundinacea
Canary grass

Poa palustris

Fowl meadow-grass P

Poa pratensis
Blue grass

Setaria viridis
Green foxtail P P P P D

Setaria sp.
Bristly foxtail P

Spartina pectinata
Prairie cord grass P

Unidentified sp. D P P

HYDROCHARITACEAE

Vallisneria spiralis
Wild celery

HY DROPIIYLLACEAE

EIlisia nyctelea
(No common name)

HydrophyltZca appendicu-
latum

Virginia waterleaf
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Table 1 . AbundAnce of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

HYPE RI CACEAE

Hypericum perforatum
St. John's-wort

Hypericum punctatum
Spotted St. John's-
wort

IRIDACEAE

Sisg#inchiwn canvestre
Blue-eyed grass

JUNCACEAE

Juncus balticus
Spikerush.

Juncus compressus
Spikerush

Juncus effusus
Spikerush

Juncus longistylis
Spikerush

Juncus secundus
Spikerush

LABIATAE

Galeopsus tetrahi t
Hemp-nettle

Glecoma :aederacca
Creeping Charlie

Hedeoma hispida
Mock pennyroyal

i
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

LABIATAE (Continued)

Leonurus cardiaca
Motherwort P

Lycopus officinalis
Water horehound

Lycopus virginicus
Bugleweed

Monarda fistuiosa
Wild bergamot,
borsemint

Mentha arvensis
American wild mint P P

Nepeta cataria

Catnip P

Physos tegia virginiana
Obedient plant

Prunetla vulgaris
Mad-dog skullcap

Scutellaria lateriflora
Leonard's skullcap

Stachys palustris
Hedge-nettle P

Teucrion canadense
American germander

Unidentified sp. P P P P

LE4NACEAE

Lerna spp.
Duckweed
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

LILIACEAE

AlZiwn cernuum
Wild onion

Lilium superbum

Turk's-cap lily

Maiaqthemum canadense
Wild lily-of-the-
valley

Snrilacina spp.
False Solomon's
seal P

Smilazx sp.
Greenbrier P

riziw spp.
Trillium

LOBELIACEAE

Lobelia spicata
Highbelia,
pale-spike lobelia

MENISPERMACEAE

Menispenwn canadense
Yellow parilla P

NAJADACEAE

Najas sp.
Naiad

Zannicewllia palustris
Horned pondweed

~i
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAP Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Con'tinued)

NYCTAGINACEAE

Mirabilis hirsuta
Hairy umbrellawort P

ONAGRACEAE

Circaea quadrisulcata
Tall enchanter's
nightshade

Epitobiwn ciliatwn
Willow herb

Epilobiwn paniculatwn
Willow herb

Oenothera biennis
Evening primrose P

OPHIOGLOSSACEAE

Botrychiun virginianwn
Rattlesnake fern

OSMUNDACEAE

Osmunda claytoniana
Cinammon fern P

OXALIDACEAE

Oxalis dillenii
Wood sorrel P

Oxalis stricta
Upright wood sorrel

Oxalis violacea
Violet wood sorrel

£A
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

PAPAVERACEAE

Sanguinaria cczadensis
Bloodroot

.PHYRMACEAE

Phyrma Zeptostachya
Lopseed

PLANTAGINACEAE

Plantago major
Common plantain M P PP

Plantago rugelii
Wood plantain

POLEMON IACEAE

Phlox divaricata
Blue phlox

Phlox pilosa
Phlox

Polemonizen reptans
Jacob's ladder

POLYGONACEAE

Polygonum ariculare
Common knotweed

Polygonu.e coccine'm
Scarlet smartweed

Pennsylvania smartweed P r

Polygonum sp.
Smartweed P P P P

I
I
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

POLYGONACEAE (Cont' d.)

Rumex acetosella
Sheep sorrel

Rumex crispus
Curled dock P P

Rumex mexicanus
Mexican dock P

Rumex sp.
Dock P P P P P

POLYPODIACEAE

Adiantum pedatum
Maidenhair fern

Cystoperis fraglis•
Fragile bladder-fern P. P P

PRIMULACEAE

Lysimachia nummuaria
Moneywort

Lysimachia ciliata
Loosestrife

RANUNCULACEAE

Anemone canadensis
Canadian amenome

Anemone caroliniana
Carolina anemone

Anemone cjZindrica
Thimbleweed

Anemone quinquefolia
Wood anemone

I
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Table 1 Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

RANUNCULACEAE

Anemone virginiana
Thimbleweed

Anemone sp.
Anemone P P P P

Anemone lla thalictroides
Rue anemone

Aquilegia canadensis
Columbine P P

Delphinium virescens
Larkspur

Hepatica acutiloba
Liverleaf, hepatica P

Hepatica americana
Liverleaf, hepatica

Ranunculus acris
Tall buttercup

Ranunculus abortivus
Kidneyleaf buttercup

Ranunculus aquatihis
White water-crowfoot

Ranunculus pensylvanicus
Bristly crowfoot

Ranunculus rhcm'oideus
Prairie buttercup

Ranunculus scleratus
Cursed crowfoot P

Ranuncuhus septentrio-
naZis

Swamp buttercupI
I
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

ROSACEAE

Potentilla recta
Upright cinquefoil

Potentilla simplex
Old-field cinquefoil

Potentilca sp.

Cinquefoil P P

Rosa blanda
Smooth wild rose P

Rosa suffuZta
Hairy prairie rose

Rosa sp.
Rose P P

Rubus occidentaZis
Black raspberry

RUBIACEAE

Galiun boreale
Northern bedstraw

Galiwn trifidn
Small bedstraw

ioustonia Zongifo ia
Bluet

SANTALACEAE

Comndra wnbeZlata
Bastard toadflax

I I
I
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA, BB YY CC

Herbs (Continued)

RANUNCULACEAE (Cont' d.)

Ranunculus sp.
But ter cup P

ThaZictrwn dasycarpmz
SPurple meadow-rue

ThaZictrun sp.
Meadow-rue P

RHANNACEAE

Ceanothus cericanus
New Jersey tea

ROSACEAE

Agrimonia pubescens
Cocklebur

Alchemilla sp.
Lady's mantle P

Fragaria vesca
Wild strawberry

Oewn canadense
White avens

Gewn laciniatun
Avens

Geum triflorwn
Three-flowered avens

Potentilla argentea
Silvery cinquefoil

*PotentilZa arguta
Tall cinquefoil

Potenti la norvegica
Rough cinquefoil A

M
1
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River R4ver

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

SAXI FRAGACEAE

Heuchera americana
Alumroot

Reuchera richardsonii
Richardson's alumroot

Ribes sp.
Currant P P

SCROPHULARIACEAE

Besseya bullii
(No common name)

Linaria vulgris
Butter-and-eggs P

Mimulus glabratus
Monkey -flower

Mimulus ringens
Square-stemmed
monkey -flower P

Pens t-;on graci lis
Slender-leaved
beard- tongue

Penstemon grandiflorus
Large-flowered
beard-tongue

Scrophularia lanceolata
Figwort

Verbascwu thapsus
Mullein

Veronica americana
Speedwell

Veronicastrwn virginicum

Culver's root

Unidentified sp. P



A-38.

Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

SOLANACEAE

Physai.s heterophy l.a
Clammy ground-cherry

Physalis longifolia
Ground-cherry

Solrium nigrwn
var. wne2ricana

Black nightshade P P P P

SPARGANIACEAE

Spargahin
Bur-reed

TYPHACEAE

Typha latifolia
Cattail P

UMBELLI FERAE

Angelica atropurpurea
Alexander

Cryptotaenia canadensis
Wild chervil

Heracleum lanatwn
Cow parsnip

Osmorhiza longistylis
Sweet cicely

- Pastinaca sativa
Wild parsnip

Sanicuta marilandica
Black snakeroot

Zizea aurea
Golden alexander

I
I
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Table 1 Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

URTICACEAE

Boehmeria cylindrica
False nettle

Parietaria pensylvanica
Pennsylvania pelli-
tory P D

rtica dioica
Stinging nettle P.

Laportia cczadensis
Canadian wood-nettle P

Unidentified sp. P P P P

VERBENACEAE

Verbena bracterata
Large-bracted vervian P

Verbena has tata
Blue vervain

Verbena simplex
Vervain

Verbena stricta
Hoary vervain

Verbena urticifolia
White vervain

VIOLACEAE

Viola pedata
Bird's-foot violet

VITACEAE

Parthenocissus inserta
Thicket creeper,
woodbine

i
!
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix

Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC BB AA BB CC AA BB CC AA BB CC AA BB YY CC

Herbs (Continued)

HEPATI CAE

(Liverworts) P

MUSCI (mosses) P P P P

I
I
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Table 2. Vegetation of Floodplain (old dredge spoil) and Bluff
Habitats on the Minnesota River (Cooper, 1947).

Trees
Acer negundo Box elder

Acer saccharinum Soft (Silver) Maple

Fraxinus nigra Black ash
Fraxinus pennsylvanica White ash

Fraxinus sp. Ash
Populus deltoides Cottonwood

Salix amygdaloides Beech-leaved willow

Ulmus americana American elm
Ulmus rubra Slippery elm

Shrubs
Cornus stolonifera Red-osier dogwood
Cornus racemosa Racemose dogwood
Salix longifolia Willow
Sambucus canadensis Common elder
Vitis riparia River-bank grape

Herbs

Acalypla rhombodia Three-seeded mercury
Anemone virginiana Tall anemone
Aster lateriflorus Calico aster
Aster sp.

Bidens sp. Stick-tights
Boehmeria cylindrica False nettle
Boltonia latisquama Small headed boltonia

Carex gracilima Sedges
Cuscuta sp. Dodder
Elymus virginicus Virginia wild rye
Eupatorium perfoliatum Common boneset
Ceum sp.

Helenium autumnale Sneezeweed
Heuchera richardsonii Alum root
Laportia canadensis Wood nettle
Lathyrus sp. Wild pea
Leersia oryzoides Rice cut-grass

Lycopus virginicus Bugle weed

Menispermum canadense Moonseed
Mentha sp. Mint
PhysosLegia speciosa False dragon-head
Plantago major Common plantain
Oryzopsis sp.
Stachys aspera Rough hedge nettle
Urtica gracilis Slender wild nettle

I
I
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Table 3. Vegetation of the Spring.-Lake area
(Data from Leisman, 1959).

HABITAT: Ravines and Bluffs HABITAT: River Terraces and Uplands

Trees - common Trees
American elm Ulmus americana Northern red oak Quercus
Slippery elm Ulius rubra borealis
Basswood Tilia aniericana Pin oak Q palustris
Green ash Fraxinus pennsylvanica Bur oak !J. macrocarpa
var. subintegerrina American elm Ulmus
Box elder Acer negndo americana
Cottonwood Pulsdeitoides Bitternut hickory Carya
Red cedar JuniperuIs virginiana cordiformis

- pesntButternut Juln cinere-a
roooestr'avrianaa Hackberry Celtis occident-

Butternut Juglans cinerea ai
Oaks (several) Quercus spp.
Paper birch Betula papyrifera

Shrubs - common Shrubs
Red-berried elder Sambucus pubens None
Missouri gooseberry Ribes missouriense
Prickly gooseberry Ribes cynoshati
Black raspberry Rubus occidentalis
Prickly ash Xanthoxylun arnericanum
Hazel Corylus americana

- present
Wolfberry Symphoricarpos occidentalis

Herbs Herbs
Yellow jewel~weed Impatiens pallida Kentucky bluegrass Poa
Nettle Urtica procera pratensis
Sweet cice].y Osmorhilza sp.

1Ioo



A-4 3

C 4)>..0

=. o i a-
0

) ) 
> -~ '

0 0 r~ Lu~

.rV oC .

.- .C 0 - VLU~
2

. ~ -

0) C)) O Cc
0 ~2 00~ 0

~0 a 0 0 CD---- .o : a
~~~~3- E~~C -0a C ) )U )

-j 0 0 -cc)Ex
0o~ - 0a C)> - - - -0~O 0 _0 C. E Zi0)

_: .f vi C:~0 0U I 0

-. . . ..-- c -0 >~ 0~ a
o -. 1 -6 a -o E-

C)~~ 0) 0 a'-~-( ~
IL'1 ~ .I. . a, 0 C02 a

0-) CC)-

0 0

U-.~ C u ) - d

>. E

-C) U: 3 )C 0-- 0E

c) .C u0 U) C

z. C)

0 CL- CCD -a&~ .Eo- .0o .- a., C
0

) '
E E00

0-- 0 0
c' vC -0 C6

c C, CC 0CC O C 0 ) -0

~2 UQ C: ~ C) C) u

0* :0> X0 - 0C E a o4 ) ~
0C- 0~ E-CX

-0 o' 0 1)0 oA'

fZ a'x 0 -0 > c C.EUoC)- o-
L -o''o0 C

C) 0 04)
00 v) 0) V~

E0aV C -c) t) C v o>

m - -C , W- 0- C) 0T 0,6 :5 V, Q

00 ") C' -) Ec-
0 ~ 0 0,414

C) 0...C -* 0 -

-0 ~ o02 C) 00 (1 xr "
0 C.0 L- 

0

> -0. . . ~ -C)- -0



A-44

Table 4 (Continued).

Species Habitat aJn. Feb. f NAt . Apr May June July Aug. Sept. Oct. .
1

.N

L o o n A l 1 6, -- 1 x
Rel-throated Loon Al .
Hoihiell's Gr.!, .A. ------
Horned Gret AI-2 -
Ear.d Grei. Al-2 I . , I
Pied-billed Grebe A2-3

White Pelican Al 1
Great Blue Heron .2-3. - - --

Amnerican Egret A2-3II

Green Heron A3.-- -

B. -cr. Night Ileron A2-3, C-i I- ..- t

Aml~erican ittern A2-3I I

Least Bittern A3
Whistling Sw.mn Al I 'I

Canada Goose AI-2
White-fru.nted Goose Al-

Snow- Blue Goose AI-2I

Mallard A-- ' ' ] . .

Black Duck A

g d eA ]I ----- ,

Baldpate A
American Pintall A I - - .

Green-winge-d Teal A .I 1

I , t i - - - o

Blue-winged Teal A2-3 7- - --

Ci .na.on Teal A2-3 , I i
Shoveler A2-3 - - -

Wood Duck - - - - m -'
Red head A I

Ring-necked Duck A -- - - -------

Canvas-back A ... - - !I - • ,

Leser 1eaup Duck A ------~----~-

Goarrvsineye Al I-I

WhiGr-wnged Scoter Al . i .
Af III S.coter

American Scoter A3

Hooded Mergn.r A ----- ---- ---------

_____ehadA --.----------.------ -------------- - ....-

*," ~ ,e ll I I I _-,_.
WhA~ incia g.,otr A .. . . . o. ....
American Scoreir A................ ......................

Red-hrcastcd Mcrvan-r A

Turkey 'clt--re F- - - - - - -

SBMrp-bldr.ned Hawk C I - -

I
I
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Table 4. (Continued).

Species Habitat Jan. Fe l. Mar. Apr M.y Iunr July Aug. Sept. t. .

Coope'S Hawk C
Red-taild l awk F.C
Rd-huul[er d llawk F.C o- oi---- - -

Broad-winged Hawk F.C °-- ' :
Rougti-legged iw %k F, D
Fer ruginous Rough-leg F. D' 'del:w;I gI ___

Golden Eagle F-------------------- _
Bald Eagle F - --. I---------
Marsh Hawk FD ---: - , -- I

Osprey F.C i -J I '
GyLt'alcon F,D_ _ -' . . I
Duck lawk F.G

Pigeon Ilawk F.C - -

Sparrow -awk F. D L.......
Ruffed Grouse C - ......... .... ... ..........

Prairie Chicken D I

Sharp-tailed Grouse B. D
European Partridge D

BIkb-whito B2-3 ---- --------- ----
ing-necked Aeasant D7

SandhlllCrane A2-D * I I _

King Ral A2-3 ] 0"
Virginia Rail A2-3 L " ' .

Snra A2-3

Yellow Rail 01-2
Florida Gallinule A2-3 - .Coat A: "

Piping Plover H - .
Senilpalmated Plover II H
lldeer A. L-

Golden Plover .1). H i i-i
Black-bellied Plover ID, H -

Ruddy Turnstone H{ --

Woodcock BI 
.......

Wilson's Sipet 1,D-II I --'€ i , -_ . -_ l ~ i .. .- -' - -* . .. .
Upland Plover D2-3 1 _ __ -

Spotted Sani pipecr I- H- - ___ - - -.
Solitary Sandplipr I I I
Western Wilier Hl-]

Greater Yellow-lhgs II- I .1..-..... .....

les ct Ye[!,jw-lgF. H- I . "
K iot i .. ... I ,

'

Pectoral Sardpi;,er iI l"] 
- "-

Fla IrJs rit r.!iI;t 1: r-I
Whbitue .d S'ndpilper tl-I --- - I -

[ st SanIpIper H- I i i P- -

RI)wItchcr i H- I
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Table 4 (Continued).

Species Habitat Jan. IFh. Ma. Ara e July Aug. Spt.. O1. Nov. r'c.

Stilt SandpiperJ--:

%crnlpalmared Sadie if IB-ff-brea:--d . . -dplper D.11.1 ----- -----1

abl,,iedGoiwit D, I. I
Hudsonlin Godit H. I
Sanderling H

Avoc et H
Wilson's Phalarope Dl- A
Northern f'hnUrope AI I=.-.---- _
llerrlng Gull A.F .
Ring-billed Cull A. F

rap in's Gul A.D.F -

Bonaparte's GuU A. F -- - --
Forster's Tern A it
Common Tern A - ,-. +
Least Tern H. F-
Caspian Tern F. A

Black Tern A 
E ll _+.-

Mourning D vc O---- ----- ------- 7-- --- --
Roek Dove E ' - "
Yellow-billed Cuckoo C j I I -

Bbiek-billed Cuckoo C
Screech Owl C I ' { '
Great Horned Owl C I . ..

I _ I L 41J-

Snowy0Ovl D Owli , -- I I'
Hawk Owl C ' I
Barred Owl C -

Great Gray Owl C I il
Long-eared Owl C -----------------
Short-eared Owl D - - - - - - -

Saw-Whet Owl C . . . .. ..
W hip-poor-will C 7 '...
Night hawk ._1.__.+I_._._ __

h- -----.------- . ..

C him ney Sw ift F __ _ _.
Rulv-th'd Ifunmnzrbird C E- - - i- - 4 -

Bvlted Kingfklher C-1.G _--

Flicker C
Pileated.Woodpccker C --__F---------------

Red-blied Wodpccr C ..-.- --........

Red-headed W,)pz r, C

Yce v:- ,:)id , C ..-. -
Ilairy W'o clQ k r C . . _...J - - _ _ _

Do wny \Vood:,,,c ,,.r C '

Artic 3-to'd Wuo!:x'cker C
King bird n-3, C-4, 1) 0-- o -0

Phoebe C-1, B-3. . i i

I
I
I
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Table 4 (Continued).

SpceHab. Ja. Fvb. NM3t. Apr. Mi. Jw1 <Jyl Aug. s'pt. Ckt. "" . uV. 'c

Yelluw-hellied Flycatcher - - - IT

Tree Swallow - -

Bank Swallow FG

Ruge-wingoe Swallow

Whiurpe asted Nuhtc

Rendrase J utay c C IT __ -KHI
Rowen CrCFr

-7--711

Tued s mous e C - - -

Whic-breast Nu'thtch C

edrate Nuthatch C -
Botn re B3CD 7,~-

Wite Wre B-,
nirn ~rk CD ._ _KIwc r

IC
Ca oiaIr n.
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Table 4 (Continued).

Species H..baat ja n. Fvb. 10, r . Apr M y 1 e - July A q. F-Pt. Oct. Nov. D-xc.

Yellow-throated Vireo C

Flilladelphla Vireo C

Warbling Vireo C--

Protitonowry Wirbler Cl

Worm-eatinig Warbler 114 I iI I

Blue-wlnge-0 Wirbler B12- 3 I

Tennesse Warblr C I

Mrageownd Warbler C
N.ape May Warbler C

acrd B Warbler C ....
MYrle Warbler C3-3 E

agni Warbler C

Caeula Warbler C ---
Black-th'd Blree Warbler C
Myckrtla Warbler C P
Aubn'se Warbler B4C
ClacktutsGreen Warbler C1

Ceruleat Warbler C

Black-polla Warbler II
Plmoe Warbler B4'

Ove-brad Warbler C

Northern Water-Thrush 85i

Louisiana Wozer-Thrush B~ 5
Connecticut War[,Ir B
Mourning Warb~ler 84 ----- -

Illlel 1'ro A-3, Bj

Dlbcae Chati Z- + Z I22I

Estern Nlca dowark 1) 44 L~Wctr ica ~l:r D L ~~LI-~ - ~

I!Id A
Ie-~r~ akid A

OrhrIril 3-
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T~able 4 Continued).

Species habta jn. Feb. Mar. Apr N',- 1 'un, !, Aug. Ct -c.

Bl or 1iolc C I I I I l i i I I I I I I

RustY lacL 11 J- C-1 ---

Brewer's Blackbiid D------------*--

Bronzed Grac.kle CDE -

Cowbird BCI)E
Scarlet Tanager C

Cardinal C -

Rose-breasted Grosbeak CII j

Inrdigo Rinting B-2, 3 I I

DIckeissel D-2-

Purple Fitch C -

Pine Grosbcak C-S -
Hoary Redipoll D.B-2 -- ,~
Redpoll D -

Pine Siskin
Goldfinch C8 C --

Red Crossbjll C-5 -- !

ltc-winr Crosshfll C-S------------------Towhee C
Savannah Sparrow D-2T-

Grasshoppcr Sparrow D-3
Leconte's Sparrow A3,013 L~
ilenslow's Sparrow A3,D-l

Nelson's Sparrow A3.,D-l 1 L.
Vesper Spa rrow D- o
Lark Sparrow C-4,D-3

Slate-colored junico C -

Oregon junco C - ... KH I

Tree Sparrow B, CI1

Chipping Sparrow B C-s. F
Clay-colored Sparrow B-2, C-4I-
Field Sparrow U-2. C-4

Htarris's Sparrow B- -.- - -- - - -

Whiii-crowiiv, S,arrow 13 ,C
WAite roatc-l Sparrow C -

Lincoln's Sparrow R-5. C
Swamp, Sparrow, A-3. B- 1I .

S')nigSparrow A3. B-l, I * .,

Snow lkuntingD

ADDITIONAL SP'ECIE:S

Yel'rr Ni_- tlH ron A,!-3, C1
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Table 5. Water Quality of Mississippi. River Measured at the
Intake of the Minneapolis Wpter Works in Fridley, 1973

Parameter Jan. Feb. Mar. Apr. May June July Aug.

Bacteria in Total 108690 114270 7850080 221300 117730 109400 67690 117270
raw water, Aver. 3506 4081 253228 7343 3797 3647 2184 2783
Most Prob. Max. 13000 17000 7160000 35000 13000 24000 7900 17000
No./100 ml Min. 790 490 700 1300 170 450 330 170

Turbidity, Aver. 2.7 2.0 5.0 3.1 4.7 4.7 4.7 4.5
Jackson Max. 3.1 2.4 14.0 4.0 20 9.0 24 10
Turbidity Min. 1.9 1.5 1.9 2.5 2.9 3.3 3.3 2.2
Units

Calcium Aver. 119.4 125 96 106 107 107 104 94
Hardness Max. 126 135 124 113 135 116 116 102
in mg/l Min. 112 119 69 95 94 101 100 85
as CaCO 3

Bicarbo- Aver. 168 175 128 132 130 136 133 120
nate, mg/l Max. 178 180 175 144 139 146 140 139

Min. 153 170 88 118 113 128 125 98

Alkalin- Aver. 168.2 179 132.5 144 140 146 148 135
ity, mg/l Max. 177 188 182 154 151 153 155 232
as CaCO 3  Min. 155.5 172.5 91 126 125 134 137 120

?H Aver. 7.90 8.1 8.02 8.4 8.2 8.21 8.5 8.4
Max. 8.03 8.2 8.2 8.7 8.4 8.43 8.6 8.6
Min. 7.75 7.95 7.75 8.05 8.0 8.0 8.3 8.1

Jolor Aver. 28 24 48.7 44 51 59 47.7 56
Max. 32 26 74 53 64 72 73 77
Min. 25 20 20 38 45 47 40 37

Fluoride, Aver. 0.15 0.12 0.14 0.15 0.17 0.19 0.18 0.17
mg/l Max. 0.16 0.13 0.16 0.16 0.20 0.24 0.19 0.19

0.15 0.5 0.13 0.13 0.13 0.15 0.16 0.15
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Table 6. Turbidity, temperature and dissolved oxygen in the SAF Pools,
Pools 1 and 2 of the Mississippi River the the Lower Mininesota
River, November I and 2, 1.973 (Colingsworth, Cudmundson and Weir)

Depth Turbidity Temp., DO,
Date Pool Transect in ft. FTU OC ppm Remarks

1 Nov 73 USAF Hd. Nicollet Is. o' , 4 8.5 8.67
12'(b) 4

AA* (Mid-ch)l 0' 4 8.0 8.04

12'(b) 4 8.0 7.70
BB (Mid-ch) 0' 5.5 8.2 7.70

15'(b) 4 8.3 6.67
CC (E. ch) o' 18 8.2 6.65

10'(b) 2 ".7 7.00
CC (Mid-main ch) o' 2 5.8 9.17

25'(b) 3 5.2 9.53
LSAF BB (R/B)tl o' 2 9.3 6.88 @Shiely

14'(b) 4 8.6 7.50
BB 0' 2.5 8.7 7.17 1.5 Min after

14'(b) 4 8.0 7.00 Joalj im pushed
BB (Mid-ch) 0' 3 7.5 8.06 2 loaded bargeE

10' 3.5 7.0 7.28 u/s to 'c' yd.
BB 0' 3 8.2 6.83

(b) 4 8.3 7.00 Uner h
0' 48.3 .00 Stone Arch Br.O' 4 8.3 8.00 c n e

13'(b) 4 7.5 9.54 center
AA (Mid ch) 0' 4 8.6 6.00 u 300' D/S

22'(b) 5 8.5 6.67 from LSAF Dam,
BB (Mid ch) 0' 4.5 8.4 6.13 Mid ch.

18'(b) 5 8.3 6.20
CC (Mid) 0' 6 8.6 6.20

12'(b) 5 8.5 6.13
2 AA (Mid-main ch) 0' 4 8.6 7.50

18'(b) 5 8.6 9.33
AA (L ch mid) 0' 5 8.6 6.34

10'(b) 6 8.5 8.34
Minn. CC (Mid-ch) 0' 42.5 9.3 6.18

15'(b) 56 7.0 8.82
2 St.P. ycht club 0' 11 8.6 5.67

12'(b) 12 9.0 8.78
Mile 831.1 0' 9 9.0 6.17

15"(b) 9 8.9 6.17
BB 0' 12 9.1 6.19

21.'(b) 11 9.0 6.17
2 Nov 73 Minn. BB o' 17.5 7.1 12.84

1'(b) 19.5 7.8 14.00
CC - R/B 0' 37 @R/B-no boat

0' 46 wake
- Mid ch o' 33 8.6 7.67 @R/B-40 sec.

15'(b) 36.5 8.5 7.83 after own

boat wake (1/2
*(b) = river bottom depth t ch = channel ti RIB = right bank throttle n20'

S *FTU - Formazine Turbidity Units; measured with a nephelometer. from RIB)
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Upper St. Anthony Falls Pool (Continued)

Transect UAA. Mile 857.3 (Continued)

UAA: Mid-stream; Spring 1973; Coarse sand; 10 to i1', 12.3 maximum depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae Polypedi Zwn 1 67.

UAA: Mid-channel; Summer 1973; Rocks, sand and gravel, 7' depth

Trichoptera Hydropsychidae Hydropsycho 22 64.
Chetcriatopsyc;he 6

Ephemeroptera Potanianthidae Pot athus 2
Heptagenijdae Stenonema? (damaged) 1

Coleoptera Elmidae 1

Dipter._ Chironomidae Polypedilu 2
Rheotany tarsus 12

Pentaneurini 9
Polypedi wnz (pupa) 1

Tantytarsini (pupa) 2
Chironominae (unident. pupa) I

Empididae Iemerodromia? 4
Hemerodromia? (pupa) 2

Tipulidae (unident. larva) 1
Simuliidae Simuzliwn 2

Si'5:: zw (pupa) 2
Chironomidae Zfheotanutareus ? 1

(in case, attached just behind head to cervical membrane of
a Hydropsyche larva)

I
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Table 8. Benthic Animal Abundance (cont.).

A Comparison of Spring and Summper Samples of Benthic
Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croxi Rivers and Mile
815.3 to 857.3 of the MississiFT4 River (Continued)

MISSISSIPPI RIVER (Continued)

Upper St. Anthony Falls Pool (Continued)

Transect UBB, Mile 855.7

UBB: Left bank; Spring 1973; no organisms in sample

UBB: Burlington Northern RR bridge; 3rd pier from L/B; Summer 1973; Sand,rocks;
14' deep

Organisms Sample
Class or Order Family Genus per sq ft Number

Ephemeroptera Caenidae Caenis 1 49.

Diptera Chironomidae Cryptochironomus 2

UBB: Mid-channel; Summer 1973; Medium coarse sand

Diptera Chironomidae Polypedilwn 1 65.

UBB: Mid-channel; Summer 1973; Sand and fine gravel with some plant debris;
13.75' depth

Diptera Chironomidae Pcaatendipes 1 54.

UBB: Right bank; Spring 1973; 4" d. chunk of cemet, very little fine sand,
medium coarse sand; 2.7' deep, 12 yards from right bank

Trichoptera Hydropsychidae C72e atos che 22 5.
Iljdrops :j sh 5

Alacronemwn 2

Diptera Chironomidae 2
Empid id ae 1

Coleoptera Elmidae 1
Elmidae (Adults) 3

UBB: Right bank; Summer 1973; no organisms

I
I
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Table 8. Benthic Animal Abundance (cont.)
Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 19713 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Upper St. Anthony Falls Pool (ConcludedL

Transect UCC, Mile 854.4

UCC: E, Left bank only; Spring 1973; Fine sand (on shelf), hardly any sediments;
16' depth

Organisms Sample
Class or Order Family Genus _p_ er__g f t Number

Oligochaeta 1 73.

UCC: Ekman, Left Bank; Summer 1973; no sample

UCC: Ekman, Mid-channel; Spring 1973; no sample

UCC: Ekman, Mid-channel; Summer 1973; Sand and gravel; 10' deep

Trichoptera Hydropsychidae Cheumatopsyche 2 53.

Coleoptera Elmidae 5

Diptera Chironomidae Stictochironomus 1
Po lypedi lw 1
Eukiefferie lia 1

UCC: Mid- main channel; Summer 1973; Coarse sand with numerous small clam-
shells; 18.5 - 19' depth

Dipt era Chironomidae Cryptocizironoiaus 2
Po l '-;U7 : 4
Pa a t c1

I
I
I



A-56

Table 8. Benthic Animal Abundance (cont.)

Compars~v of Spring and Sumimer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi "iver (Continued)

MISSISSIPPI RIVER (Continued)

Lower St."Anthony Falls Pool

Transect LBB. Mile 853.4

LBB: Left bank; Spring 1973; 10 yards from left bank, and 325 yards from right
bank; medium coarse sand with silt, plant and shell fragments; 3' depth

Organisms Sample
Class or order Family Genus per sq ft Number

Diptera Chironomidae Polypedi/w:r 3 69.
Rhe otar;ytacuns 1

LBB: Left bank; Summer 1973; Sand, silt and pebbles; 3' deep

Trichoptera Psychomyiidae Nyctiophy lax 3

Ephemeroptera Caenidae Caenis

Heptageniidae Stenc nama 1

Coleoptera Elmidae 2

Diptera Chironomid ae Dicrotcndip- s 8
Glyptotendipes 6
Po Zypedi lin 2
Cryptochiron~omus 5
Psectrta--.p& s 1

Oligochaeta 5

I
I
I
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Table 8. Binthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota dn Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Lower St. Anthony Falls Poo (Concluded)

.Transect LBB, Mile 853.4 (Continued)

LBB: Mid-channel; Spring 1973; A few pieces of bark, with Trichoptera larvae;
165 yards from Left bank and 155 yards from right bank, L guide wh

Organisms Sample
Class or order Family Genus per sq ft Number

Trichoptera Hydropsychidae Hydropsyche 18 11.

flydropsyche (pupae) 2
Chewnatopsyche 9
Chewenatopsyche (pupae) 2

Philopotamidae Chimarra 1

Coleoptera Elmidae 1

Diptera Chironomidae Endochironomuts 1
Microtendipes 1
Polypedilwn 1

Chironominae (unident., very small
larva) 1

LBB: Mid-channel; Summer 1973; Sand and pebbles; 14' deep

Diptera Chironomidae Cryptochironomus 2

Oligo chaeta 1

LBB: Right bank; Spring 1973; lkVdium sand and silt (little current); 100 yards

from right bank, 240 yards from left bank; 10' deep

Coleoptera Elmidae 1

Diptera Chironomidae 2'olypcdiiw, 17
Chironomus 1

Oligochaeta 11

LBB: Right bank; Summer 1973; no sample

A
I
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Table 8. Benthic Animal Abundance (cont)
Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 1

Transect IAA, Mile 853.2

lAA: Left bank; Spring 1973; 62 yards from left bank and 127 yards from right
bank; rocks with Trichoptera and 1 mayfly; 17.0' deep

Organisms Sample
Class or Order Family Genus per ss ft Number

Trichoptera Hydropsychidae Hydropsyche 3 9.
Chemiatopsyche 8

Ephemeroptera Potamanthidae Potcenanthus 1

Diptera Chironomidae Polypedi wn 2

lAA: Left bank; Summer 1973; no sample

lAA: Mid-channel; Spring 1973; no sample

1AA: Mid-channel; Summer 1973; Coarse sand and gravel, rocks, fine sand; 11.0'
depth

Ephemeroptera Caenidae Caenis 1
Potamanthidae Potananthus 1

Ephemeroptera (Unident. damaged nymph) 1

Trichoptera Hydropsychidae Cheumatopsyche 3
Psycomyiidae (Unident. damaged 1

larva)

Coleoptera Elmi dae 2

Diptera Chironomid ae Io lyPe di Zwn 3
Cryptochironoaus 2

Tanytarsini 2

Pentaneurini 4

I
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Table 8. Benthic Animal Abundance (cont.)
Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the

A Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 1 (Continuedl

1AA: Right bank; Spring 1973; 20 yards to right bank and 145 yards to left bank;
Rocks with 1 mayfly nymph; 13.0' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Trichoptera Hydropsychidae Hydropsychc 4 7.

Plecoptera Perlodidae Isoperla 1

Ephemeroptera Heptageniidae Stenonemz 1

Diptera Chironomidae PolZypedji zn 1
Orthocladiinae (Unident. pupa) 1

1AA: Right-bank; Summer 1973; no sample

Transect 1BB. Mile 850.6

lBB: Left-bank; Spring 1973; 8 yards to spoil on left bank, 225 yards to right
bank tree; Rock, gravel, sand and silt; 5.5' depth

Trichoptera Hydropsychidae Cheumatopsyche 1 6.

Diptera Chironomidae Cryptochiron-omus 1

Oligochaeta Tubificidae 12

1BB :Left bank; Summer 1973; Fine sand, silt, rocks; 8.5' depth

Trichoptera Hydropsychidae Che rn atcpsyche 1

Diptera Chironcl-nidae Cytcronw1

Oligochaeta 3
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Stunmer Samples of Benthic
Macroinvertebrates Collected in 3.973 in the

A Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool I (Continued)

Transect IBB; Mile 850.6 (Continuedp)

IBB :Mid-channel; Spring 1973; 135 yards to left bank, 76 yards to right bank
spoil and 54 more yards to base of bluff and tree; No record of substrate type;
15.5' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Coleoptera Elmidae 1 17.

Diptera Chironomidae PoZypedilwu 3
Paratendipes 3

Ceratopogonidae ? (Unident. larva) 1

Pelecypoda (clams) Sphaeriidae Sphaeriwn I

1BB :Mid--channel; Summer 1973; No organisms

lBB: Right bank; Spring 1973; No sample

IBB :Right bank; Summer 1973; No sample

Transect lXX, Mile 851.1

iXX :Left bank; Spring 1973; No sample

IXX :Left bank; Summer 1973; 150' from left bank; Sand and a couple bark
fragments; 12.5' depth

Coleoptera Elmidae (damaged larva) 1 40.

lXX: Mid-channel; Spring 1973; no sample

IXX: Mid-channel; Summer 1973; Sand and bark fragments (pine), shell fragments;
14' depth

Diptera Chironomidae Paratendipes 5 24.

Pelecypoda (clams) Sphaeriwn 1

Gastropoda (snails) Planorbula (not alive)l

Oligochaeta 1
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in J973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool I (Continued)

Transect lXy.. Mile 851.1 (Continued)

lXX: Right bank; Spring 1973; No sample

lXX: Right bank; Summer 1973; 35' to right bank; Shell fragments and bark,
gravel and coarse sand; 15.5' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Trichoptera Hydropsychidae Chczvnatopsyche 1 19.

Diptera Chironomidae Cryptochirononus 5
PolypediZn 2

Pentaneur in 1

Pelecypoda (clams) Unionidae Actinonaias I

Transect 1CC, Mile 848.0

1CC: Left-bank; Spring 1973; 20 yards to left-bank; Fine sand, few 1" stones,
sticks; 5.5' depth

Diptera Chironomidae Polypedi lZw- 23 16.
Paratcndip~s 6
Phaenopscctria 6
Cryptochionomus 1
Chironomus 2

Psychodidae Psychoda 1

Oligochaeta 15

1CC: Left bank; Summer 1973; 100' from left bank; Fine sand and sJlt, sewer
smell in sediments; 4.0' depth

Diptera Chironomidae Cryptoch Lronomus 1 46.
Chironomus 2
Polypedilw I

Oligochaeta 1

I
I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the

A Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 1 (Conclude4d)

Transect 1CC, Mile 848.0 (Continued)

1CC: Mid-channel; Spring 1973; No sample

ICC: Mid-channel; Summer 1973
Organisms Sample

Class or Order Family Genus per sN ft Number

Diptera Chironomidae Chironomu"s 3 23.

Oligochaeta 2

ICC: Right bank; Spring 1973; No sample

1CC: Right bank; Summer 1973; No sample

Pool 2

Transect 2AA. Mile 847.4

2AA: East channel, Left bank; Spring 1973; 59 yards from left bank, 300 yards

from right bank; Rocks; 9.1' depth

Trichoptera Hydropsychidae Hydropsyche 3 10.
Cheumatopcyche 5

Hydropsychidae (Unident. pupae) 9
(Damaged larvae) 2

Psychomyiidae Polycentropus 1

Ephemeroptera Potamanthidae Pot ManthNS 2

Diptera Chironomidae Phaenopsectra 1
Tanytarsini 3

Hirudinea (leeches) 1

2AA: East channel; Summer 1973; 15 feet from island; Rocks and coarse gravel;
3.5-5.0' depth

Coleoptera Eimidae 1
Hirudinea (leeches) 3I

'I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in theA Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 2 _(Continued)

Transect 2AA, Mile 847.4 (Continue4)

2AA:Rock Scrapings; Left channel, 15 feet from island; Rocks and coarse gravel
3.5-5.0' depth

Organi7.is Sample
Class or Order Family Genus per sq ft Number

Ephemeroptera Potamanthidae Potamanthus 1 34.

Trichoptera Psychomyiidae Polycentropus 1

Diptera Chironomidae Dicrotendipes ? 1
Chironomidae ? (unident. egg mass) 1

Hirudinea (leech) 1

2AA: Mid-channel; Spring 1973; No sample

2AA:Mid-channel by lock; Rock scrapings; Summer 1973; Rocks encrusted with
algae, etc.

Diptera Chirononidae Polypedium 1 59.

2AA: Right bank; Spring 1973; No organisms

2AA: Right bank; Summer 1973; no organisms

Transect 2BB, Lilje $31i

2BB: Left bank; Spring 1973; 30 yards from left bank; Gelatinous, with sand;
4.5' depth

Diptera Chironomidae PoZypedilwn 6 71.
Phaonopscc vra 6
Chironomus 1
Stitochironomus 1

Empididae (Unident. larva) 1

2BB: Left bank; Summer 1973; Mostly sludge, silt and organic clay; 11.1' depth

Diptera Chironomidae Procladius 6 35.

Oligochaeta 32

.
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVE.R (Continued)

Pool 2 (Continued)

Transect 2BB. Mile 831.7 (Concluded)

2BB: Mid-channel; Spring 1973; 10 yards from right bank and 250 yards to left

bank; 23' depth
Organisms Sample

Class or Order Family Genus per sq ft Number

Plecoptera Perlodidae Isoperla 1 8.

Ephemeroptera Ephemneridae Pentagenia I
Potamanthidae Potamanthus I

Coleoptera Elmidae 2

Dip tera Chironomidae Xenc'chironornus 18
Pentaneurini 3

2BB: Mid-channel; Summer 1973

Diptera Chironomidae Chironomus 4 29.
Proc ladius 1

Chaoboridae Chaoborus 6

Oligochaeta 37

2BB: Mid-channel; Summer 1973

Oligochaeta 2 60.

2BB: Right bank; Spring,1973; No sample

2BB: Right bank; Sumrmer 1973; No sample
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Miscellaneous Pool 2 Sites

Pool 2: Right bank of back channel, Newport Island; Summer 1973

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae ProcZadius 2 47.

Oligochaeta

Chute behind Island 2CC; Right-bank; Downstream from 827.7; Summer 1973; Clay,
silt and some sand; 4' depth

Oligochaeta (Many fragements) 47 28.

Nemertea (proboscis worm) I

Mile 827.7 : Left bank backwater; Upstream from spoil; Summer 1973; Sand with
1/8" silt on top; 6.5' depth

Oligochaeta 2 63.

Grey Cloud Slough at twin fill; Summer 1973; Organic mud; 18' depth

Diptera Chironomidae Tanpus 2 31.
Chironomus? 1

Chaoboridae Chaoborus 7

Baldwin Lake; Downstrerm from spoil; Summer 1973; About 1" of silt on 2' deep
sand and mud

Diptera Chironomidae Procladius 2 48.

Oligochaeta 4

I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi Rivers (Continued)

MISSISSIPPI RIVER (Continued)

Pool 2 (Continued)

Transect 2YY, Mile 821.4

Organisms Sample
Class or Order Family Cenus per s Jt Number

2YY 1'3A"; Spring 1973; 135 yards to right bank; Organic mud, much silt, some

fine grit; 3.2' depth

Diptera Chironomidae Psectrotanypus 1 1.
Procladius 9
Cryptoachironanus 1

Oligochaeta Tubificidae 54

OlIgochaeta (Imatures and/or 23
small)

2YY {'3A"; Right-bank; Summer 1973; Soft mud; 3.5' depth

Diptera Chironomidae Procladius 1 36.

Oligochaeta 5

2YY :"3B"; Spring 1973; no sample

2YY .'3B"; Summer 1973; Soft mud; 3' depth

Diptera Chironomidae Procladius 3 41.

Oligochaeta 8

2YY: "3C"; Spring 1973 Note: "3C" is mid-channel

Diptera Chironomridae P v'oainydi-s 19 15.
Tanypus 2

Oligochaeta 14

I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and SUmmer Samples of Benthic

A Macroinvertebrates Col1lcted In 1973 In the
Minnesota and Lower St. Croix River and liie
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Concluded)_

Pool 2 (Concluded)

Transect 2YY. Mile 821.4__CCqntinued)

2YY:"3C"; Sumner 1973; Medium coarse sand with 1/8" silt layer on top; 12.5'
depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Oligochaeta 2 50.

Transect 2CC, Mile 815.5

2CC: Left bank; Spring 1973; 7 yards from left bank, 1. mile to right bank,
750 yards to upstream tip of Buck Island;Black clay mud (kept shape), sl
anaerobic; 15.5' depth

Oligochaeta 94. 14.

2CC: Left bank; Summer 1973; No sample

2CC: Mid-channel; Spring 1973; 155 yards from left bank; 3 tries and Petersen
dredge wouldn't trip, anchor came up with partly decayed leaves, sticks, large
branch and sludge attached; 28' depth

Diptera Chironomidae Procladius 8 68.

2CC: Mid-channel; Summer 1973

Diptera Chironomidae Procladius 8 27.

Oligochaeta 11

2CC: Right bank; Spring 1973; No sample

2CC: Right bank; Summer 1973; No sample

I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MINNESOTA RIVER

Transect MAA, Mile M24.8

MAA :Left Bank; Spring 1973; No organisms

MAA: _L fc bank; Rock'Scrapings; Summer 1973; 40' from left bank; 1-2" silt
over gelatinous mud, smelled slightly of decay; 5.5' depth

Organisms Sample

Class or Order Family Genus ___per s_ ft Number

Trichoptera Hydropsychidae Chewiatopsyche 1 21.

Hydropsychidae (Unident. 1
damaged pupa)

Coleoptera Elmidae 1

Diptera Chironomidae Glyptotendipes 9
Glyptotendipes (pupae) 2

Nematocera (Unident.
damaged pupae) 2

MAA: Mid-channel; Spring 1973; No sample

MAA: Mid-channel; Summer 1973; No sample

MAA: Right bank; Spring 1973; No sample

MAA. Right bank; Summer 1973; No organisms

Transect MB.B Mile MI3.0

MBB :Left bank; Spring 1973; No organisms

MBB: Left bank; Sununer 1973; 6' depth

Diptera Chironomidae 1) 1 57.

II
I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Sunmmer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MINNESOTA RIVER (Continued)

Transect MBB, Mile M13.0 (Continucd)

MBB: Mid-channel; Spring 1973; No sample

MBB: Mid-channel; Summer 1973; No record of substrate; 8' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae Tanypus 2 25.

Procladius 5

Oligochaeta 11

MBB: Right bank; Spring 1973; 12 yards from right bank; 120 yards from left
bank; Coarse sand and clay pellets; 7.5' depth

Diptera Chironomidae Cryptochironomus 1 18.

MBB: Right bank; Summer 1973; Fine sand with clay lumps, silt layer on top;
3' depth

Diptera Chironomidae Cryptochironomus 1 18.

MBB: Right bank; Summer 1973; Fine sand with clay lumps, silt layer on top;
3' depth

Oligochaeta 1 51.

Transect MCC, Mile M3.0

MCC: Left-bank; Spring 1973; No organisms

MCC: Left-bank; Summer 1973; No sample

I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the.
Minnesota and Lower St.Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MINNESOTA RIVER (Concluded)

Transect MCC. Mile M3.0 (Continued)

MCC: Mid-channel; Spring 1973; No sample

MCC: Mid-channel; Summer 1973; Fine sand with shallow layer of silt; 12' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae ProcZadius 2 30.

Oligochaeta 28

MCC: Right bank; Spring 1973; Ekman dredge (small amount of sand, much
water) 5 yards to right bank; 5' depth

Oligochaeta 1 72.

MCC: Right bank; Sunmmer 1973; Clay silt and some sand; 4' depth

Oligochaeta 9 38.

ST. CROIX RIVER

Transect SAA, Mile SC24.8

SAA: Left bank; Spring 1973; 10 yards to left bank; Substrate not recorded;
9.5' depth

Oligochaet a 1 78.

SAA: Left bank; Summer 1973; No sample

I
I
I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect 5AA, Mile SC24.8 (Continued)

SAA: Mid-channel; Spring 1973; Substrate not recorded; 5.2' depth

Organisms S mple
Class or Order Family Genus _per sq ft Number

Diptera Chironomidae Micropsectra 1 70.

Ceratopogonidae ? (Unident. larva) 1

Oligochaeta 1

SAA: Mid-channel; Summer 1973; Clay and mud (organic?); 1 chironomid; 22'
depth

Diptera Tipulidae 1 22.
Chironomidae Xenochironom us 4

SAA; Right bank; Spring 1973; No sample

SAA: Right bank; Mid backwater; Summer 1973; Fine sand overlain with silt;
Middle of bay; 3' depth

Diptera Chironomidae Procladius 2 33.

Transect SXX, Mile SC16.0

SXX: Left bank; Spring 1973; 560 yards from left bank; Shallows; 10.3' depth

Ephemeroptera Caenidae Caenis 1 74.

Diptera Chironomidae Pat thasti a 2
1

011 jon heta 1

S"*X: Left bank; Summer 1973; Medium to fine sand, wood fragments and clam-
.',, H; Y Iddlc of the bay; 7.5' depth

Chironomidae Cryptochironomus 1 43.
Ch.tobor da, Ch-oorUs i
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Table 8. Benthic Animal Abundance (cont.)

Comrparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lo%,,er St. Croix Rivers and Mile

815.3 to 857.3 in the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect SXX, Mile SC 16.0 (Continued)

SXX: Mid-channel; Spring 1973; 1000 yards from left bank, 180 yards from right
bank; Coarse red sand; 16.3' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Diptera Chironomidae Polypedilum 1 75.
Stictochironomus 1
Parac iadopc 1"2c 1
Parac ladopo bi~a? 2

(very small)

Pelecypoda (clams) Pisidiwn 10

Gastropoda (snails) Stagnicola ? 1
(very small)

SXX: Mid-channel; Summer 1973; No record of substrate; 15.7' depth

Oligochaeta 2 39.

SXX: Right bank; Spring 1973; No sample

SXX: Right bank; Summer 1973; No sample

Transect SBB, Mile SC 12.3

SBB: Left bank; Spring 1973; No organisms

SBB: Left bank; Summer 1973; No organisms

SBB: Mid-channel; Spring 1973; No sample

SBB: Mid-channel; Summer 1973; No organisms

I
I
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring andSummer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 in the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect SBB, Mile (Continued)

SBB: Right Bank; Spring 1973; 1400 yards from left bank, 40 yards from right
bank; Clams, snails, gravel to 5", coarse sand; 11.5' depth

Organisms Sample
Class or Order Family Genus per s ft Number

Eggs (?) of unknown organism on pebble

Diptera Chironomidae Tanytarsini 2 4.

Oligochaeta Lumbriculidae 1

Nematoda (roundworms) 1

SBB: Right bank; Summer 1973; No sample

Transect SYY, Mile SC 6.4

SYY: Left bank; Spring 1973; Fine sand, sticks and plant debris; Backwater;
2.2 yards from right-bank; 3.0' depth

Diptera Chironomidae Cryptochironomus 5 3.
Chironomus 8
Paratencipes 7
Psectrotanypus 1
Procladius 8
Mioropsectra 3
Harnischia 1
Polypedilur 4
C Z ad) ' ,-: t , -j 46

(most very small)
Ceratopogonidae Parpomyia ? 3

Oligochaeta Tubificidae 2

SYY: Left bank; Shallow; Summer 1973; Just downstream from Mo. and Kinnikinnick;
Sand with a little silt; 3' depth

Diptera Chironomidae Cryptochironomus 2 52.
Polypedilum 2

Tanytarsini 1

Oligochaeta 2

I
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Table 8. Benthic Animal Abundance (cont.)
Comparison of Spring and Summer Samples of Benthic

A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect SYY, Mile SC6.4 (Continued)

SYY: Mid-channel; Spring 1973

Organisms Sample
Class or Order Family Genus per sa ft Number

Odonata Gomphidae (Unident. small 1 12.
nymph)

Coleoptera Elmidae 1

Diptera Chironomidae Polypedihin 2
Cryptochironomus 2

Ceratopogonidae Palpomyia 1

Oligochaeta 123

SYY: Kinny mid-channel; Summer 1973; Medium to fine sand; 15.3' depth

Oligochaet a 1 44.

SYY: Right bank; Spring 1973; 12 yards from right bank; 1-2" stones, very
little coarse sand; Depth not recorded

Diptera Chironomidae 1 76.

Egg? (of a fish?) 1

SYY: Right bank; Summer 1973; About 30' from right bank; Rocks, pebbles, sand
and plant debris; 14.5-15' depth

Diptera Chironomidae G 1: ipc'toi >,--' ."1 1 55.
G ,~o~&~; >~,~co (pupa) 1

Transect SCC. Mile

SCC: Left bank; Spring 1973; 30 yards from left bank, 700 yards from right
bank; 12' depth

Coleoptera Elmidae 1 77.

SCC: Left bank; Summer 1973; No sample
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Concluded)

ST. CROIX RIVER (Concluded)

Transect SCC, Mile (Continued)

SCC: Mid-channel; Spring 1973; No sample

Organisms Sample
Class or Order Family Genus per sqft Number

Diptera (Unident. 1 62.
fragments)

Oligochaeta 1

Nemertea (proboscis worm) 1

SCC: Right bank; Spring 1973; 5 yards from right bank; 1 rock 3" x 6" with
worm-like encrustations; 3.5' depth

Coleoptera Elmidae 1 66.

SCC: Right bank; Summer 1973; No sample

!
!
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates*of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973. (Arranged alphabetically within phyla).

List of Abbreviations

AA,BB,CC Standard transects, in downstream order

XXYY Special Transects, in downstream order

U,L,l,2 Upper and lower St. Anthony Falls Pools, and Pools J. and 2,
respectively

M, S Minnesota and St. Croix Rivers, respectively

Spr Spring: April and May

Su Summer: August and September

D/S, U/S Dowastream, upstream

ch Channel

19. Serial number of sample

PHYLUM NEMERTEA Proboscis worms

2CC Su 28. SCC Su 62.

PHYLUM NEMATODA Roundworms

SBB Spr 4.

PHYLUM ANNELIDA Segmented worms

Class Hirudinea Leeches
2AA Spr 10. 2AA L Ch 34. 2AA L ch Su 45.

Class Oligochaeta Aquatic earthworms
Family Lumbriculidae
SBB Spr 4.
Family Tubificidae
2YY Spr 1. 3YY Spr 3. IBB Su 6.

Unidentifiable ollgochoetos
SYY Spr 12. LBB Spr 13. 2CC Spr 14. 2YY Spr 15.
1CC Spr 16. lXX Su 24. 1CC Su 23. MBB Su 25.
lBB Su 26. 2CC Su 27. 2CC Su 28. 2BB Su 29.
MCC Su 30. 2BB Su 35. 2YY Su 36. LBB Su 37.
MCC Su 38. SXX Su 39. SYY Su 44. ICC Su 46.

*Benthic macroinvertebrates: bottom-dwelling nonmicroscopic animals without

3 backbones.

I
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973. (Continued).

PHYLUM ANNELIDA Segmented worms (Continued)

Class Oligochaeta (Continued)

Unidentifiable oligochaetes (Continued)

2 Su 47. 2 Su 48. 2YY Su 50. MBB Su 51.
SYY Su 52. LBB Su 58. 2BB Su 60. SCC Su 62.
2 63. SAA Spr 70. MCC Spr 72. UCC Spr 73.
SXX Spr 74. SAA Spr 78. 2YY Su 41.

Immatures and/or small Oligochaeta

2YY Spr 1.

PHYLUM ARTHROPODA Crustaceans, Insects and Spiders

Class Insecta Insects

Order Coleoptera Beetles

Family Elmidae

UBB Spr 5. 2BB Spr 8. LBB Spr 11. SYY Spr 12.
LBB Spr 13. IBB Spr 17. UAA Su 20. MAA Su 21.
lAA Su 32. LBB Su 37. lXX Su 40. 2AA Su 45.
UCC Su 53. UAA Su 64. SCC Spr 66. SCC Spr 77.

Order Diptera Flies, Mosquitoes and Midges

Family Ceratopogonidae (?) Unident. larva
IBB Spr 17.

Family Ceratopogonidae

Genus Palpomyia C?)
SYY Spr 3.

Genus ralporr.:ia
LBB Spr 13.

Family Chaoboridae

Genus Chaoborus
2BB Su 29. 2* Su 31. SXX Su 43.

*Special transect: in Grey Cloud channel at discharge from Mooers Lake.I

II . . .
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I
Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
Rivers, Collected on Standard and Special Transects in
1973 (Continued)

PHYLUM ARTHROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Family Chironomidae (?) Unident. larva
SAA Spr 70.

Family Chironomidae (?) Unident. egg mass
2AA 34.

Family Chironomidae Unident. pupae
UAA Su 20. UAA Su 64.

Family Chironomidae

Subfamily Chironominae
LBB Spr 11.

Genus Chironomus
SYY Spr 3. LBB Su 13. ICC Spr 16. UAA Su 20.

1CC Su 23. 2BB Su 29. 2* Su 31. 1CC Su 46.

2BB Spr 71.

Genus Cladotanytarss
SYY Spr 3.

Genus Cryptochironomus
2YY Spr 1. SYY Spr 3. IBB Su 6. SYY Spr 12.

ICC Spr 16. MBB Spr 18. XX Su 19. 1BB Su 26.

lBB Su 32. LBB Su 37. 0CC Su 42. SXX Su 43.

1CC Su 46. UBB Su 49. SYY Su 52. LBB Su 58.

SXX Spr 74.

Genus Dicoiie.-a
SYY Spr 76.

Genus Vic'o cn2ipes (?)
2AA 34.

Genus Dfcrqtcndipc.
LBB Su 37.

*Special transect: in Grey Cloud channel at discharge from Mooers Lake.

I
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I
Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973 (Continued)

PHYLUM ARTHROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Family Chironomidae (Continued)

Genus Endochi'onomus
LBB Su i.

Genus Eukiefferiella
UCC Su 53.

Genus Glyptotendipes
MAA Su 21. LBB Su 37. SYY Su 55.

Genus Harnischia
SYY Spr 3.

Genus Micopeectra
SYY Spr 3. SAA Spr 70.

Genus Microtendipes
LBB Su 11.

Subfamily Orthocladiinae
1AA Su 7.

Genus Paracladopeima
SXX Spr 75.

Genus Paratendipes
SYY Spr 3. 1CC Spr 16. lBB Spr 17. XX Su 24.
UCC Su 42. UBB Su 54.

Genus Pentancurini
UBB Spr 5. 2BB Spr 8. lXX Su 19. UAA Su 64.
IAA Su 32.

Genus Phac trC'a
2AA Spr 10. 1CC Spr 16. 2BB Spr 71.

I
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities

B Rivers, Collected on Standard and Special Transects in
1973 (Continued)

PHYLUM ARTIROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Family Chironomidae (Continued)

Genus Polypedilwn
UAA Spr 2. SYY Spr 3. 1AA Spr 7. lAA Spr 9.
LBB Spr 11. SYn Spr 12. LBB Spr 13. 1CC Spr 16.
iBB Spr 17. XX Su 19. UAA Su 20. IAA Su 32.
LBB Su 37. UCC Su 42. ICC Su 46. SYY Su 52.
UCC Su 53. MBB Su 57. 2AA Su 59. UAA Su 64.
UBB Spr 65. UAA Spr 67. LBB Spr 69. 2BB Spr 71.
SXX Spr 75.

Genus Polypediun (pupa)
UAA Spr 64.

Genus Potthastia
SXX Spr 74.

Genus Procladius
2YY Spr 1. SYY Spr 3. 2YY Spr 15. MBB Su 25.
2CC Su 27. 2BB Su 29. MCC Su 30. SAA Su 32.
2BB Su 35. 2YY Su 36. 2YY Su 41. 2* Su 47.
2** Su 48. 2CC Spr 68.

Genus Pseotrotanypus
2YY Spr 1. LBB Su 37. SYY Spr 3.

Genus Rheotanytarsus C?)
UAA Spr 64.

Genus Rheotanytarsus
UAA Spr 20. LBB Su 69. UAA Su 64.

Genus Stictochironomus
UCC Su 53. 2BB Spr 71. SXX Spr 75.

Genus Tanypus
2YY Spr 15. MBB Su 25. 2t Su 31.

*Right bank in West channel, Newport Island, mile 831.0.
**Baldwin Lake.

tSpecial transect: in Grey Cloud channel at discharge from Mooers Lake.
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Table 8. Benthic. Animal Abundance (conit.)

Benthic Macroinvertebrates of the Navigable Twin Cities

B Rivers, Collected on Standard and Special Transects in
B 1973 (Continued)

PHYLUM ARTHROPODA (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Family Chironomidae (Continued)

Genus Tcv'ytarsini
SBB Spr 4. 2AA Su 10. lAA Su 32. SYY SU 52.
UAA Su. 64.

Genus Xenochirononus
2BB Spr 8. SAA Su 22.

Family Empididae (Unident. larva)
UAA Su. 64. 2BB Spr 71.

Family Empididae
UBB Spr 5.

Genus Hemerodrcrnia M?

UAA Su 20. UAA Su 64. Both samples also contain a pupa

Family Nematocera (Unident. damaged pupa)
MAA Su 21.

Family Psychodidae

Genus Pszch,2da
1CC Spr 16.

Family Simulildae (very small larvae)
UAA Spr 2.

Family Simuliidae

Genus Sirrzil->Lrz
UAA Su 64.

Gcnus SZin(pupa)
UAA Su 64.

Family Tipulidae
SAA Su 22.

Diptera (unident. fragment)
SCC SU 62.
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Table 8. Bcnthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Colleccd on Standard and Special Transects in

1973 (Continued)

PHYLUM ARTHROPODA (Continued)

Class Insecta. (Continued)

Order Ephemeroptera Mayf lies

Family Caenidae

Genus Caents
UAA Su 20. 1A& Su 32. LBB Su 37. SXX Spr 74.
UBB Su 49.

Family Ephemeridae

Genus Pentageni-a
2BB Spr 8.

Family Heptageniidae
Genus Stenonema
lAA Spr 7. UAA Su 64. LBB Su 37.

Family Potainanthidae

Genus Potcvn'thus
2BB Spr 8. 1AA Spr 9. 2AA Spr 10. lAA Su 32.
2AA 34. UAA Su 64.

Order Odonata Dragonflies and Damselflies

Family Gomphidae (Unident. small nymph)
SYY Spr 12.

Order Plecoptera Stoneflies

Family Chloroperlidae

Genus Iiactczpc la
UAA Spr 2.

Family Perlodidae

Genus Thc'perla
lAA Spr 7. 2BB Spr 8.
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the InavJgable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973 (Continued)

PHYLUM ARTHROPODA (Continued)

Class Insecta (Continued)

Order Plecoptera (Continued)

Family Perlidae

Genus Paragentina
UAA Spr 2.

Genus Phasganophora
UAA Spr 20.

Order Trichoptera Caddis Flies

Family Hydropsychidae

Genus Chcwnatopsyche
LUAA Spr 2. UBB Spr 5. IBB Spr 6. IAA Spr 9.
2AA Spr 10. LBB Spr 11 lxx Su 19. UAA Su 20.
MAA Su 21. UCC Su 53. lBB Su 26. lAA Su 32.

UAA Su 64.

Genus Hydropsyche
UAA Spr 2. UBB Spr 5. IAA Spr 7. IAA Spr 9.
2AA Spr 10. LBB Spr 11. UAA Su 20. UAA Su 64.

Genus Macroneu'n
UBB Spr 5. UAA Spr 20.

Family Hydropsychidae (Unidentified pupae; some damaged)
2AA Spr 10. UAA Su 20. KA Su 21.

Family Hydropsychidae (Damaged or very inrnature)
UAA Spr 2.

Family Philopotamidae

Genus Chimarra
LBB Spr 11.

I
I
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in

1973 (Continued)

PHYLUM ARTHROPODA (Continued)

Class Insecta (Continued)

Order Trichoptera (Continued)

Family Psychomyiidae

Genus Nryctioph~y lax
LBB Su 37.

Genus Polycentropus
2AA Spr 10. 2AA 34.

Order Trichoptera (Unidentified very small larva)
UAA Spr 20.

PHYLUM MOLLUSCA Snails and Clams

Order Gas tropoda

Family Lymrnaeidae

Genus Stagnicola ?) (Very small)
SXX Spr 75.

Order Pelecypoda

Family Unionidae

Genus Actinonaia,;
lxx Su 79.

Family Sphaeriidae

Genus Piridize
SXX Spr 75.

Genus S'ph, cr , ,. i
1BB Spr 17. lxx Su 24.

EGCS (?) of unknown crganjsn on pcbble
SBB Spr 4.

EGG(?) of a fish

SYY Spr 76.

I
I



AD-AIIO 1I4 NORTH STAR RESEARCH INST MINNEAPOLIS NN ENVIRONmENTAL--ETC F/6 13/2
ENVIROMENTAL IMPACT STUDY OF THE NORTHERN SECTION OF THE UPPER--[TC(U)
NOV 73 t F COLINOSWORTHp B J JONUNOSON DACW37-73-C-O009

UNCLASSIFIED M..

Illlommlllll
loommomommoI.

NJ1EN



4 ~1 25 Ihi 4  JO1.

MICROCOPY RESOLUTION TEST CHART

NATIONAL AuttiAu (J V4, A!



A.-8 5

3 0 a - '0T,

> C)

so's)

0 C

fsH es

Mie:::.ippi Rt'M]-, (Abl- OC,'lv-



A-86

co

I Pd >

t -73
0 I 0

0 G)

a -

S - I U

_T, I_ O

I It fl M 1.1 s le 30 & I

8a .. .. I

a, -

II



A-87

-. A

Lo 4)

0 0

>ccc

o'r,- .

o-~ *J a%

? "

- 4

TI Iu I

a' T 2
to~~~~ ~ ~ ~ 4 *l8s l ldSIS mv



VA-8

* IJ

.9.0

*, '.0

41 p
-~c :3..-C

co 0.

0-z

/(Ln 0

or _ 0L

A. - univuldVO.



A- 89

u00

'~Ca

IJ 9t V) 0

z 0

E-4 --

H- -

00

.. L-7;,



A-90- CA* 0 tfl -

C * . - - /,

I I

Q0

__-. - . .---- - - .- --

.o.

' 1 <I0 '

ON " 4.

'"Q - H=

16 0. 1C 1 1 1 1 ,

- - - . - - - - - -iL :.-/- . .... ~ o -.a

I ~.--~ R -?

I - " -H

L) (nIi fl
0  

0 r- ,-- - .- .-. > * ---

"N a Not- %1 .166,111"..

1' I "

II: w.; ' '-

0 ~ -~4



A-91.

- cc0

I Ie

40 1 C

* I 0
- - - £ -- --- 4~.J .4- 1

06,fl

* tr I (fj -

w Ii
4J

ec)

-~~c - . --

c

IIO

75'.

- -. -A.



A-92

S. - -- - Y,

4 I I

r '0

I~U- )- 0

C)) 0~

K~Z I - 07-]~~j~r~ ------------- I'0to

it~ ~ ~ ~~1 >--- 
--- 

N

0 Q)

4-j

0~ I ID
cK -DI

Q_ "
UO cc

o look.-



A- 93

I7

--

r) >

u -f-
Q) P,,

4~~~4 
-En ,.

- -
"'Z. -Cl

17771l -.1. te



j A-94

IJ 

n

< ;z

).-*+jri~ ~ - -- tH~~i
__~~. 

C..To a

~~- 
- -

W1~[ fi~ 
-

4 'a.

1jiij
r' t

I-

-3rv:n,0- 01* d



A-95 -~-~

I~ it

* -1 -~-17 
V~CI Ll >

* II 4-1

CJ I
0101-4 0.2

* - - .- - _ _ 3a

~I~III



- 1

I IL,

C. 
C

7

o _ 
-~

* ~ -~ 1 E
__ - -~ ~ ~, ~: K' ~

I 
'. C-

- , .,,.,

__ __ I U-,

__ __ - - .- -. n.. 4J

* ___ -. ~~1 ---4--i
III __ 2

'-'I. 
____ "U

a a.- Un

IR-.. I In
U" * -IC)

o t ~ -

C 
IfIN 

I I-, C

~ ~

'-U' 'CI--

o __ __ ~

NI 
-U,

I '~l-

a" 
I I

- - ~-- 1. N

9----
[-4 I I ..

- Ii! I ~

* I I
O0 ... J I I C

- ~ II

I ~

3L~. *1
---- Ut ~ _7 .~

~~.~iIE.JiEll~L -

-
I I ~:~- -~

k Li

41 - 0

II ---1----- -~ 44-I
____ I II I 'I- I-'

0~

o 1~ I 0

I I U ~

* 
(~i 0

C. 
C.

S. ___ Iijjfii ~ -- -.

0



A-9 7

4-'

- - -i[~I---- - -- -c~

I VZ7

>N LI

C- co

I0 *0

30 0G

I-,

I -~~4 %4.~J -

I $4

'C( Q .

Cj >
_:I.

o to

ri

C I-i "-4

I 00 n

* I I 11



A-98

REFERENCES

APHA, A14A and WPCF (Amer. Public Health Assn., Amer. Water Works Assn. and
Water Pollution Control Federation). 1971. Standard met],ods for the exami-
nation of water and wastewater, 13 Ed. Am. Pub. Health Assoc., New York,
NY. 874 pp.

Cooper, W. S. 1947. Floodplain succession stations and supplem-oentary material
arranged in order of developmental stage. Unpublished manuscript., 21 pp.

Dodge, A. W., 11. F. Fullerton, W. J. Breckenridge and D. W. Warner. 1971.
Birds of the Minneapolis-St. Paul Region. Pamphlet Series No. 1. Minn.
Museum of Natural History, University of Minnesota. Minneapolis, NN. 29 pp.

Environmental Protection Agency. (EPA). 1973. Unpublished records.

Environmental Systems Division, North Star Research (ESD - North Star). 1972.
Planning report for environmental impact studies of the Corps of Engineers'
upper Mississippi River valley operations and maintenance activities. North
Star Research and Development Institute, Minneapolis, 1 2,. 18 pp.

Federal Water Pollutioa Control Agency (FWNPCA). 1969. Unpublished records.

Golterman, H. L. 1970. Methods for chemical analysis of freshwater. IBP
Handbook No. 8. Blackwell Scientific Publications, Oxford, England. 166 pp.

Leisman, G. A. 1959. Spring Lake archaeology. The vegetation of the Spring
Lake area. Science Museum of the St. Paul Institute. Science Bull. No. 3,
Part 4. 13 pp.

St. Paul District (S.P.D.-NCS) Corps of Engineers. Environmental study, upper
Mississippi River nine-foot channel project (aerial survey May 15, 1973) U. S.
Department of the Army, Corps of Engineers. St. Paul, MN.

Strickland, 3. D. H. and T. R. Parsons. 1968. A practical. handbook of sea-
water analysis. Bulletin 167. Fish. Res. Bd. Canada. 311 pp.

Vollenweider, R. A. 1969. A manual on methods for measuring primary produc-
tion in aquatic environments. IBP Handbook No. 12. Blackwell Scientific
Publicatios, Oxford, L'l;'Iald. 130 pp.

I
I
I
!



gB-i
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STUDIES IN THE LATE 1800's: THE LEWIS AND HILL SURVEY
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historic Archaeological Sites on the Lower Mississippi, Lower St.
Croix, and Lower Minnesota Rivers in Minnesota
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The Effect of Corps of Engineers' Activities on Archaeological
Sites by Pool

Conclusions
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National Register of Historic Places

Archaeological and Historic Sites in Minnesota in the Study Area
along the Mississippi, Minnesota, and St. Croix Rivers Which are
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10. APPENDIX B: ARCHAEOLOGICAL BACKGROUND INVOR1YPTION

Archaeological and historic sites of importance consist of -.uch diverse

elements as prehistoric village sites, petroglyphs (rock pictures), burial

mounds, log cabins, forts, and so forth. Sites of significance may date from

thousands of years ago to very recent times. Interest in studying elements

of human history also varies as much with the times as interest in studying

elements of natural history.

STUDIES IN THE LATE 1800's: THE LE14IS AND HILL SURVEY

Fortunately for our study now there was a strong interest in the late

19th Century in burial mounds; a massive study was pursued for approximately

20 years by Alfred J. Hill and Theodore H. Lewis. The extent of their work

is best understood by examining a few of their manuscripts, a few samples of

which are reproduced in this report. In 1928, Charles R. Keyes wrote of

their accomplishments:

"The great extent of the archaeological survey work accom-

plished by Lewis and Hill cannot be appreciated except through an
extended examination of the large mass of manuscript material that
has been preserved. This consists approximately of the following
forty leather-bound field notebooks well filled with the original
entries of the survey; about a hundred plats of mound groups drawn
on a scale of one foot to two thousand; about eight hundred plats
of effigy mounds (animal-shaped mounds from Minnesota, Wisconsin,
Iowa, and Illinois) on a scale of one foot to two hundred; about
fifty plats of "forts" (largely village sites of the iandan type)
and other inclosures on a scale of one foot to four hundred; about
*a hundred large, folded tissue-paper sheets of original, full-size
petroglyph rubbings with from one to six or iore pet):oglyphs on
each; about a thousand persoun.l Jetters of Lew: s to ]!1i1; four
bound "i.ouiid Record" books made by iiU11 and in hiri ;hJvr ting
eight large, well filled scapbouks of clippings on archaculogical
matters made by Lewis; numerous account books, vouchers, and other
miscellany...

"A single sheet of summary found among the miscellaneous papers
of the survey, apparently made by Lewis, is eloquent in its signi-
ficance. Tabulated by years and place of entry the mounds alone

I
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that were actually surveyed reach a grand total of over thirteen
thousand -- to be exact, 855 effigy mounds Pnd 12,232 round mounds
and linears...

"The survey is quite full for Minnesota, where work was
done in all but three counties of the state, result ing in
records of 7,773 mounds, besides a number of inciosures...
much information was also gathered from the river co-outies
of Nebraska, Iowa, Kansas, and Missouri. In Wisconsin the
survey touched more than two-thirds of all the counties, mostly
in the field of the effigy mounds in the southern half of the
state, where the records supply detail for no lesis than 748
effigies and 2,837 other mounds. Iowa was cu:plored most
fully in the northeastern counties as far south as Dubuque,
yielding data on 61 effigy mounds, 553 other mounds, and sev-
eral. inclosures. ... the survey yielded its richest results in
Minnesota, the eastern parts of the Dakotas, northeastern
Iowa, and the southern half of Wisconsin..." [Surveys were
also conducted in the Dakotas, Manitoba, MNsosuri, Nebraska,
Kansas, Illinois, Indiana, and Michigan -- in all, eighteen
states. )

"The strength of the survey consists, first: of all, in

the dependability of Lewis as a gatherer of facLs...he worked
as a realist, measuring and recording what he saw with pain-
staking accuracy and unwearying devotion... And the fact that
these surveys were made at a tine when a large number of mound
groups that have since disappeared, or all but disappeared, were
still intact, gives the work of Lewis and Dill and incalculable
worth... So far as Iowa is concerned, something like half of
the antiquities of the northeastern part of the state are re-
coverable only from the manuscripts of the Northwestern Archaeo-
logical Survey..."

A typical description of the reporting format followed by Lewis and Hill

is reproduced here:

[TN: OfUNDS IN DAKOTA, 14INE'JOTA AND WISCONSIN]

3. OTHER MOUNDS IN WAMSEY COUNTY, MUN NNEOTA

At the lower end of the Pig's Eye marsh already mentioned,
there stood (April , 1868) an isolated mound , not situatecd on
the blufts, but below thea, near their foot, at lic highest

part of the river bottom on the sloping ground half-way between
the military road and the road-bed of the St. P. & C. R. R.,
then in course of construction, and distant about three hun-
dred and fifty feet southward from the culvert on the former.

I
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It was in a cultivated field, and had itself been plowed over
for years; yet: it still had a mean height of six and a half
feet; its diameter was sixty-five feet. The top ol it was only
thirty-one feet above the highwater of the Mississippi, accord-
ing to the levels taken by the railroad enineers. ThL location
of the mound, according to U. S. surveys, wzis on the N 1/2 of SE
1/4 of Sec. 23, T. 28, R 22, and about one mile north of Red
Rock landing. Mr. J. Ford, one of the old settlers of the neigh-
borhood, said that a man named Odell had, soirii years previously,
dug into it far enough to satisfy his curiosiLy, as the discovery
of human bones clearly proved it to have been built for sepulchral
purposes.

7. MOUNDS AT PRESCOTT, WISCONSIN.

At the ',gle formed by the confluence of thle St. Croix
and Mississippi Rivers, on the eastern bank of the former,
is the town of Prescott, Wisconsin. On May 13, 1873, three
hours' time was employed in making such reconnaissance sur-
vey as was feasible of the mounds which stretch along the
bluff on the Mississippi there. The smallcst of them was
about twenty-five feet diameter and one foot high, and the
largest fifty-six feet diameter and four feet high, as nearly

as could be then ascertained.

Pictographs were common on caves along the MNississirpi River bluffs.

Lewis and Hill recorded their locations and frequently the pictures them-

selves. Although specific reference was made to them in Houston, Winona,

Washington, and Ramsey counties in Minnesota and Alamakee and Clayton coun-

ties in Iowa, it would be unwise to assume that they were limited to these

locations.

Captain Carver, in .766-67 explored a cave (in present day Ranwsey County)

as being of "amazing depth and containing many )ndjan hieroglyphics appear-

ing very ancient." The cave, called by the Dakota "'akma-tceobe", became a

popular tourist attraction in the 1860's. Railro.,c countruction was respon-

sible for its destruction by the 1880's.

PRESENT CONSIDERATIONS

The difficulty, then, is not the absence of records of significant sites,

but rather that records of thousands of sites exist. And although archaeologistsI. I
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have resurveyed some of the sites, vast areas have not been checkod since

the original surveys. The farmer, in the course of clearing and farming

his land, is chiefly responsible for the dcstruction of the sites, and most

of the sites have by now been destroyed.

MINNESOTA

This section contains information on significant archaeological and

historic sites in Minnesota.

Background

This format evolved from problems encountered in developing an inventory

of sites. The listing of reasons for not doing so which follows is included

because it may shed some light on future problems also.

Original plans were made to provide an inventory of Minnesota archaeolo-

gical sites which lie in the study area. This idea was abandoned, however,

due to the following considerations:

1. The number of sites in close proximity to the river is
large and the amount of work required to review existing
records (beginning in the early 1800's) exceeds the

value of such an inventory in this report;

2. The records are knowrn to be incomplete in many cases,
scanty for certain areas or incorrect so that reliability
of the inventory is questionable;

3. Many sites once recorded have been destroyed by the ac-
tion of others (not: the Corpo of Engineers) but the re-
cords have ,'ev.r leocJ u,! . :-I- t I. t r e ,v, bcen
a coplete it';ic veittory of archecolog cal sites
in Minnesota.

4. In many case,, the locn i -on of iLcs' -ivn I ot suffi-
ciently accurate to determine ii the site is close enough
to the river bank to be threatened. In some cases, where
the bluffs are close to the river bed, a vertical elevation
of many feet may effectively remove a site from any threats
by water, dredge spoil, or construction. The records may
not show this.

I
U
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5. The PMiniiesota State Archaeologist is undcrstandably reluc-
tant to publish for public consumiption a list 01 inventory
of archaeological sites because of risk of robbery, despoli-
ation, vandalism, or unauthorized uns1cientif ic excavation.
Such cases have been kniown in the past. However, the State
Archaeologist and his staff have expressed tbe willingness
and desire to afzsist Individuals or government bodies in
locating and identifying sites fur preservation or excavation
before destruction.

Impact on Prehistoric Archaeoloqical Sites

Because the files of the State Archaeologist are located in the Twin

Cities, it was possible to engage a professional archaeologist to investi-

gate the current status of those archaeological sites in the Mississippi,

Minnesota and St. Croix River areas in Minnesota. The report by consultant

Jan Stre;Lff is reproduccd here in its entirety.

A Rtor. f thie Impact of the IT. S. Amy Cr s ofE ctec on Preistoi
Archaeujojica1 Si tes on the Lower 'Missis i pi Lowecr St. Croix, n Low,,e r
Minnesota Rivers in Ninnesota.

By Jan E. Streiff, Archaeologist, Department of Anthropology, University

of Minnesota, Minneapolis.

Introduction. There are approximately eighty-five (85) designated

sites in the Corps of J-ngi neers area undor coui)-;jdern1 ion (i.e. , the ii-

sippi River from St. Anthony Falls to the Minnosota-Iowa border, the MIinne-

sota River from Shakopee to Pike Island, and the St. Croix. from above

jStillwater to Prescott). The information on these sitof has been collected

since the late 13"Ji' s '.lid al 1. tha d;ti :ro f 11 .1, in L1 Arciiaeol 'Ogy L.ibolxi-

tory at the University.

Although some of Lthwse site-s havc be- 'n revi.sitod ,;i) Ce being recorded,I and a few have even been excavated, most have not been rechecked. Conse-

quently there are many unknown things about most of the sites listed in this

report. Ideally, a crew should have been sent out to resurvey the river
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valleys in question, to determine if sites formerly recorded are still Lhere

and, if not, how they wILt de stroyed -- part iciila'rly if by the Corps; of Engi-

neers.

Since such an on--ite survey was imnpossile at this time, the written

F records will have to suffice. I have organized the known sites into the
three categories shown below.

Classification of Sitcs.

Group I. These are sites definitely known to have been destroyed by

Corps of Engineers' activities. There are nline (9) of these sites.

Group II. These are sit-s in the area under corsiclorationi which should

not be affected by the t;sbecause they appear too high abo.ve the river

channels. Although th,, ma mnv er be flooded by raised watler levels, they

should be kept in mind .-s po.jsibly being destroyed by boriow activity,

dredging, etc. Theire ;jIx (6) of these sites.

Group III. This is the largest group of si1tes (73) within the Corps

of Engineers' area. This is the group for which no definite classification

can be given. There are many reasons:

a. our site location description is too vague to determine

if the site is or was in danger.

b. sites which were destroyed, such as the mo,,und grouips at
Dresbach, but where we canntot determine if the destruction
was carried out by the Corps of Engineers dam const-rofltion or
by somre unrelated project.

c. s~tes , suchI as tia~oi Pig's Eye lsl-nd , w'hich h: 101no
been rec--umined .1ince recorded but are so locatcd as to
be assured dustruction by a fluctuation !it the river level
or at ic,;icst d~un 1), hx erow~i I t r ':'. A''(IrcJd In
of the riv ;,,)( wiu 1~ CpOSitijJQ 01. LILhL . Oil the
nearby shore would undoubtedly cover the site.
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Conclusions. Although this .report is rather inadlquate to determine

the real impact of the Corps of Engincers on archaeological sites (there

are still those 73 sites for which we have no infoi-mation on Corps of Engi-

neers' impact), it does point up the great need for future surveys along

Minnesota's three greatest rivers to determlne what effect the Corps of

Engineers will have on prehistoric sites.

The importance of these rivers to life was no less Important to the

original Americans than it is to us today. And it is vital to the history

of the American indian that an attempt be made, if not to preserve, then at

least to record the habitation and burial areas that are so numerous along

these waterways.

The Corps of Engineers can expect that the professional archaeologists

in Minnesota will do everything possible to cooperate with them to see that

these ends are achieved.

February 1973
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The eTfect of Corpn of Engineers' ictivitics on archaeological sftes in

Pool 1:

Group I

Sites destroyed None

Group II

Sites probably not affected Pool 1
(except by borrow) RA 5 T29 R22

RA = Ramsey County
Group III T = Township

R = Range
Sites potentially destroyable Pool 1

RA 2 T28N R22W

Note: For the exact locations (sections, quarter sections, etc.) of the
above sites, contact: Jan E. Streiff

Office of the State Archaeologist
S-48, Ford Hall
University of Minnesota
Minneapolis, NN 55455
(612) 373-5560

National Register of Historic Places

Archaeological and Historic Sites in Minnesota in the Study Area along the
Mississi1ppi'1Lnncesota. and St. Croix Rivers_hich i in the
National Ricister of flistoric Places

In 1966, the National Historic Preservation Act was passed. It pro,.ides

for comprehensive indexing of the properties in the nation which are sign ifi-

cant in American hitory, architc-Ctu)vc, archQ.,olohv, and i,odern cult;J.-c. The

Reister is an officinl statement of propurties which neric prese(rvatjon.

Several sites adj ncent to the Mississippi, Minnesota A;'ul . Croi.l Piver in

Ilinnic-ota arc listed in the ]ae,-t (1912) 2dj.tion oi tie N;itional } u ,i:L ur of

Historic Places. Generally, these sites have not been destroyed or damaged

extensively by previous Corps of Engineers' activity, but must be considered

as possibly vulnerable in the future. None of these sites is located adjacent

to Pool 1.I
I
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Glo0ssary7

acre-foot - the quantity of water required to cover an acre to a depth of 1
foot. It is equivalent to 43,560 cubic feet.

alluvial material - sediment, usually sand or silt, deposited on land by flow-

ing water.

aerobic - an environment in which free oxygen is present.

anaerobic - an environment in which free oxygen is lacking.

aquifer - a water-bearing layer of porous rock, sand, or gravel.

backwaters - a term often divided now into sloughs and lakes and ponds ad--
joining a river.

benthic - pertaining to the bottom of a body of water.

benthic invertebrates - animals lacking a spinal column living in the ben-
thic zone.

BSFW - Bureau of Sport Fisheries and Wildlife (U. S. Department of the In-
terior).

channel - a natural or artificial watercourse with definite bed and banks
which confine and conduct flowing water.

cfs - cubic feet per second, used as a measure of rate of water flow in a
river.

chute - sloping channel or passage through which water may pass.

closing dam - low dam extending across a side channcl. These were constructed
to divert water from side channols to the main channel during low water
periods to maintain watter suffice<ict for navigation.

coulee - stcep-sji*ed trib t, trv rai ay, cofl ( Fy used i I I'consin.

deciduous forest - forest doninat1 by broad-leaved trees which lose their
leaves each autumn.

discharge (Late of flow) - the quantity of water passing a point in a stream
channel per unit of time, normally measured in cubic feet per second (cfs).

drainage area - the land area drained by a stream above a specified location
on the stream. Measured in a horizontal plane, it is so enclosed by
higher land (a divide) that direct surface runoff from precipitation nor-
mally drains by gravity into the stream above that point.

I
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drawdown - a process of lowering the water level of nn impoundment.

Driftless Area - the portion of southwestern Wisconsin, southeastern MJnne!tota,

northeastern Iowa and northwestern Illinois which was virtualy un-
touched by the last advance of the Pleistocene glacici-s (i.e., Wisconsin
Glacier) . it is thoughL by many that it was niever gi;tc Litd.

flood - a temporary rise in streamflow and water level (stag that results
in significant adverse effects in the viciniLy under study.

flood peak - the highest value of water level or streamflow attnIicd by a
flood.

floodplain - the relatively flat lowland adjoining a watercourse or other
body of water subject to overflow therefrom.

FTJ - Formazine Turbidity Units - arbitrarily defined units used as standard
for measuring water turbidity, currently recorricnded by APIIA, eta]., 1971.

gaging station - a site on a stream, canal, lake or rservoir .h,- syste atic
observations of water-surface elevation or vt-eaimflow (discharge) arc ob-
tained.

humus - the surface layer of soil combining partially decomposed organic
matter and mineral particles.

JTU - Jackson Turbidity Unit - arbitrarily defined units used as a standard
for measuring water turbidity.

lake and pond - open areas with little or no current. They are formed be-
hind dams, or on nature floodplains as a result of first scour, then

abandonment, by the lowered river.

littoral - the shore zone of a body of water.

macroinvertebrates - collcctivcly, all invertebrate organisms visible with
the unaidcd eye.

main cihonn',l - thia p- ri:1on of th, r i,.,'c uHECd for nay ,. t-ion by lar i:& coml,:cr--

cial craft. A mini nu'i depth of 9 feet anti a rnini.r,-.u %,idth of 200 - 400

feet were establ shed by the lo,,k and dan system and are maintained by
periodic dred,<iag.

main channel border - the water zone between the main channel boundary and
the main river bank, islands, or now submerged channel boundaries. Wing

dams are located in this zone.

mesic - a type of vegetation which develops under moderate moisture conditions.

moraine - an accumulation of earth and stones carried and finally deposited
by a glacier.

I
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MIN/] - most probable number per liter - an e;tiil'te of bacterial abundance

(See NMcthods, Appendix AI).

MRRC - Mississippi id.ver Research Consortium

lRKPC - Mississippi River Regional. Planning Coemmission

mussels - clams, bivalves of the Phylum Mollusca.

outwash - glacial till reworked and sorted into sand and gravel, etc., by

meltwater.

pedalfer soils - well-leached soils; soils that lack a more or less hardened
layer of accumulated carbonates.

pedocal soils - soils that develop under approximately equal precipitation
and evaporation conditions; sai]s that contain a definite more or less

hardened layer of accumu ated carbonatcs.

physiograiphy - a branch of science that deals with the physical features of
the earth.

phytoplaukton - collectively, all those pl.ants suspended in and on the slir-
face of the water, usually microscopic.

piezometric surface - surface to which water of a given water-bearing rock
unit will rise under its own pressure balance; an artesian water table.

plankton - free-floating plants and animals drifting in the water, usually
microscopic.

podzolic - light-colored acid soil developing under coniferous forests, in

cool, humid regions; result of leaching and removal of soluble ninerals
from the Lop layer into the deep layers.

riprap - rock fort Ifi cations on banks or shores which prot:cct them from ero-
sion by dissipating the energy of waves aid wakes.

RI [ver I' ;I -,-- iesa be (-! t e iLicanoe of the Ohio iv i" at (.ilro, ]i i nois
mensured on the river.

river stage - the elevation of a particular river surface.

roller gates - movable gates of dam; horizootal cylinders on inclined tracks
which can be adjusted to affect water flow and its level.

rookery - the nests and breeding place of a colony of birds; the colony of
birds.

runoff in inches (in.) - the depth to which the drainage area would be covered
if all the runoff for a given time period were uniformly distributed on it.
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savanna - grassland WILI)t trees ,spaced so far apartv that thecir crouns art! s e 1)-
rate and the grass receiv~es direct. ;unlight,

side channel - departures from the ioain chanel or main channel border. At
normal river stage, it current occurs in these. chainnels.

slough - body of water through hih thre is no currt-nt at noriml river stage.
Muck bottoms and an abundance of subinergent and emaergent vegetation are
characteristic. The slough caitegory lies somewhere between the side chian-
nel and lake and pond categorles.

spoil - waste mnaterial removed in making an excavation.

s atreaifo, dJshre h oume of water passing a point, per unit time,

measured in cfs or in cubic meters per second.

tailwaters - water areas immnediately below the dams. They are affected by
the move-ment of uater through the gates and locks, and they change in
size in response t~o changing water levels.

tainter gate - movabl e gate of a dall which is a horizontal cylindersgmn
mountcd on a steel frameworkc attachedo to a horizontal downstream rod so
it may be adjusted up and down to affect water flow and its level.

thermocline - a layer in an incompletely-mixed body of ,,ater where the temn-
perature durling the summuier drops rapidly (more than 10 C. per meter) PS
the thermomete-r is lowered.

till - unsorted rock, sand and gravel deposited by the melting of glacier

ice.

UIRCBS -Upper Mississippi River comprehensive Basin Study.

UIIIICC -Upper Mississippi River Conservation Co~mmittee.

watershed -draiinge basIn or drain;1ge- area.

weather).ing- the ('ologi9c pro)CCss of decomposing rocks by the action of the
jforces of woathier.

wi"dafms -low strlirtllr(F -s xrenld i n raIdialy 1-Y rop' !oiore, into the river for
vaii~di;iru~.to cit atJ oW wi ri % Ii,,y rt ,,L' co k-L(ukI I

of rocks and hr-uih otr ~ to es Labli sh i 00tI dop cn I'lcannel.

zoo plan1ktollic -per twin :in , to th:o an i sal life of 1aVL:




